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Engineered to Till 
Where Plows Won’t Work 


@ Most outstanding implement ever used for pasture im- 
provement is probably the Case Brushland Harrow. Most 
impressive in this harrow are the complete absence of novel 
elements, its complete creation by quantitative engineering. 


Compared with an ordinary disk harrow, the blades are 
75 percent farther apart, 50 percent greater in diameter. 
Without weight boxes for added loading, the load per disk 
is about 150 pounds, four times the usual value. The disks 
are of heat-treated steel, and so are the major bolts in the 
staunch frame. 


Result is something that shares the speed of a harrow 
with the penetration of a plow. It rolls over buried stumps, 
stones and rock ledges that would stop or break a plow. It 
cuts through roots and brush far beyond the scope of stand- 
ard implements, either plows or harrows. Its range of angle, 
speed and loading enables it to uproot, blend and bury amaz- 
ing amounts of rank vegetation. 


Created to cope with rugged conditions and concuer 
wild land for seeding tame grasses, the Case Brush!and 
Harrow is coming into use for pasture improvement in ordi- 
nary farming areas. Able to apply the speed and powe: of 
such tractors as the mighty Model “LA” Case, it multiplie: the 
acreage per man-hour, marks a milestone toward tomorrow's 
goal — high yield per man. J. I. CASE CO., Racine, Wis. 
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Rex Pressed Steel 


The complete Chain Belt line of agricultural 
implement chains offers you important possi- 
bilities for cost reduction ... TWO ways. 
FIRST, because the line is complete, you can 
select the chain that best fits the operating con- 
ditions or horsepower and speed requirements 
for longest service life and lowest overall cost 
to you and your customers. If operating con- 
ditions call for a cast chain, you'll find the 
exact size and type needed in the Chain Belt 
line. If speeds and horsepower call for a fin- 
ished roller chain, again you'll find the exact 
chain you need. Where speeds are moderate 
and centers long or space limited, a double pitch 


Detachable Chains 


BALDWIN-DUCKWORTH DIVISION 
Springfield 2, and Worcester 3, Mass. 


CHAIN AND TRANSMISSION DIVISION 


Rex Chabelco 
Steel Chains 


roller chain may be your economical answer. 

SECOND, because the line is complete, Chain 
Belt Field Engineers can recommend the chain 
for your applications that is exactly right for 
lower cost, efficient operation. They are not 
handicapped by the restrictions of a limited line 
... can, without prejudice, recommend cast or 
steel chains in the size and type that are best for 
your implements. 

Your Chain Belt Field Engineer will be 
happy to review your chain selection and ap- 
plication problems with you. Or, if you prefer, 
write direct to Chain Belt Company, 1618 
West Bruce Street, Milwaukee 4, Wisconsin. 


Milwaukee 4, Wis. 
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EDITORIAL 


Structures Setup Meets Emergency 


HE Midwest Plan Service chalked up a notable victory 
T 1 May with a high-speed production job of building 
desi. 1 and publication. By now, wide circulation has been 
attaiced by the 16-page illustrated plan catalog of crop- 
stor. ¢ and grain-conditioning structures. Corn crib, grain 
bin, and farm elevator plans—30 of them—were redrawn, 
larg..y redesigned, and reproduced in quantity. 

‘.arcely more than a month after the planning ‘task 
forc. met at Iowa State College, to deal with ways and 
mea s of meeting the urgent need for new designs, the plan 
bool was on the presses and new tracings were ready for 
prin: ng. This speed was made possible only by the full co- 
oper.ion of the Production and Marketing Administration 
anc ‘1¢ division of farm structures and rural housing of the 
U. - Department of Agriculture, the agricultural experiment 
stat: ns in the North Central Region, several trade and indus- 
tria' organizations, and the Midwest Plan Service. 

i.cgardless of the value of the cooperative effort, however, 
it would have been impossible to handle this job except for the 
groundwork and resources developed over nearly a quarter of 
a ceatury. Four factors contribute in a major way to this 
particular planning service: (1) The old Midwest Plan Ser- 
vice, a purely voluntary self-supporting plan service, under- 
taken nearly 20 years ago, and which is now an official activ- 
ity in the North Central experiment stations; (2) the North 
Central Farm Structures Co-ordinating Committee, which was 
initiated in 1944 by the colleges and the U. S. Department of 
Agriculture, and which has been further stimulated by the 
Research and Marketing Act; (3) research extending over a 
long period of time and including structural design, analysis, 
field studies of crop storage problems, and fundamental and 
applied research on crop conditioning, and (4) the continu- 
ing efforts of agricultural engineers in farm structures to 
initiate, maintain, and improve planning services, research, 
and extension work in this field. 

Many individuals in state, federal, and private service 
have contributed to these programs. Space is not available to 
list them here, but it does seem appropriate to give a special 
measure of credit to Henry Giese. Without his patient, per- 
sistent, and sometimes stubborn efforts to establish and build 
the Midwest Plan Service, it would have been impossible to 
meet the present crop-storage planning emergency. Indeed, 
the whole regional planning activity owes much to Mr. Giese’s 
devotion to the program. 

The original Midwest (Farm Building) Plan Service was 
initiated by agricultural engineers of the North Central region, 
working through and under the sponsorship of the Farm 
Structures Division of the American Society of Agricultural 


Engin 
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Opportunities for Agricultural Engineers 


J UNE is a time for reconsidering where and how all of the 
hopeful young graduates may get started in useful and 
satisfying careers. The prospects for graduating agricultural 
engineers appear to be about as follows. 

About 100 vacancies in established beginning agricultural 
engineering positions can be expected to develop this year, by 
reason of professional advancement, promotions, transfers, 
and other changes among the graduates of the past year or so. 
This estimated replacement demand is based on the present 
ASAE membership of less than 3000, representing a large 
Proportion of present agricultural engineers, and an estimated 
average active career length of 30 years, or 3 to 4 per cent 
of new manpower required each year to maintain present 
nu: bers in this field. An undetermined additional number 
wi find opportunity in new positions developing with the ex- 
pa” ion of present agricultural engineering work in established 
Puc agencies and private enterprises. 


Further opportunities depend on the establishment of new 
jobs for agricultural engineers, in new organizations, and in 
established enterprises where there are none at present. 

Considering the wide variety of organizations and positions 
in which agricultural engineers have proven their worth over 
a period of years, the numbers of similar organizations which 
are not yet employing any agricultural engineers represent a 
visible potential of several thousand job opportunities. 

The full development of agricultural engineering, and its 
possible value to agriculture and related industries, cannot 
begin to be realized until these potential positions can be 
created and filled. 

Some of these potential employers may be sold on the 
value of hiring agricultural engineers, by the recent graduates 
themselves. More can be sold by the influence of established 
agricultural engineers. In the future it may be desirable to 
give more attention to cultivating these opportunities at about 
the rate that graduates and experienced men become available 
to provide the added professional service. 


Engineering Farm Work Functions 


LOT of good skull practice is being applied to farm work 

simplification or methods engineering, with constructive 
results in terms of improved equipment and structures, labor 
saving, quantity and quality of production per farmer, and 
increased satisfactions in farming as a career. 

As a result, it has become quite generally recognized that 
ton-mile movements and some smaller jobs must be mecha- 
nized. What are some further opportunities for. the applica- 
tion of engineering principles directly to farm practice, as 
well as to the improvement of materials and equipment for 
use on farms? 

It occurs to us that any of the following conditions might 
spark the imagination of agricultural engineers as open invita- 
tions to progress: 

Any job which requires the human body to exert a force 
of more than 50-lb, even occasionally. 

Any job which requires the human body to exert a force 
of more than one pound, frequently or repeatedly. 

Any work setup in which steps are necessary to move 
material, follow the work, or reach controls. 

Any work setup which requires the worker to operate in 
an awkward or unsafe position. 

Any work routing which requires unproductive back- 
tracking. 

Any machine which requires continuous hand feeding or 
manual attention to its output. 

Any livestock feeding plan which does not make extensive 
use of automatic feeders. 

Any sequence of routine work which is not being handled 
on a production line or job-lot basis. 

Any building or building group layout which fails to 
facilitate production line or job-lot methods of operation. 

Any unbalanced power and load combinations. 

Any suspiciously high hitching, unhitching, work prepara- 
tion, or emergency repair time. 

Any opportunity to increase the output, yield, or quality of 
product, or the net annual income, safety, or satisfactions of 
the farm family one dollar’s worth by an investment of $5 
in buildings, equipment, or land improvement. 

Any dollar of direct labor cost which might be avoided 
by an annual investment cost of 99 cents or less. 

Any scale of operations too limited to justify the use of 
labor-saving equipment and structures already on the market. 

Any failure to practice maximum over-all economy of 
human time, materials, equipment, structures, soils, water, 
crops, livestock, transportation and other items in the net 
yield of farm operations. 

In addition to providing motors more efficient and power- 
ful than the human mechanism, engineering has demonstrated 
its capacity to produce detectors more (Continued on page 310) 
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Plans for Grain Bins 
Utilizing 
EXTERIOR PLYWOOD 


Available from: 
Douglas Fir Plywood Association 
Tacoma 2, Washington, or — 
848 Daily News Bldg., Chicago 6 


1,000 bu. round bin. Kansas State College de- 
sign. 14 diameter, 8’ high. Exterior plywood 
walls and roof, concrete slab floor. Site con- 
struction, using glue. Plan free. 


400 bu. movable square bin; several can be 
grouped. University of California design. 8’x8’ 
and 8 high. Exterior plywood walls, roof, 
floor; lumber frame. Suitable for either pre- 
fabrication of site construction. Plan free. 


Available from: 
Midwest Plan Service, lowa State 
. College, Ames, lowa. Or from 
state college of agriculture at 
Arkansas, Illinois, Indiana, lowa, 
Kansas, Michigan, Minnesota, 
Missouri, Nebraska, North Dakota, 
Ohio, Oklahoma, South Dakota, 

Wisconsin, 


2,000 bu. rectangular bin. Designed for prefab- 
rication. 16’x20’ and 8 high. Panelized con- 
struction permits variety of sizes and capacities 
up to 3,600 bu. Could be converted to other 
uses or demounted. Exterior plywood walls, 
roof, floor; lumber frame. Plan No. 73294. 
45 cents. 


1,400 bu. rectangular bin. 12’x16’ and 8’ high. 
Other sizes and capacities possible from plan. 
Bin convertible to other uses. Exterior plywood 
walls, roof, floor; lumber frame. Site construc- 
tion. Plan No. 73296. 15 cents. 


400 bu. movable hog feeder. Double-purpose 
storage-hopper. Self-feeding, sloping floor. 
8’x12’ and 7’ studs. Exterior plywood walls, 
roof, floor. Plan No. 77614, 15 cents. 


300 bu. movable hog feeder. Double-purpose; 
provides small storage and chelaved, feeder. 
10’x16’ with protected feeding floor. Exterior 
plywood floor, bins, partitions and roof. Plan 
No. 77613. 15 cents. 


Double-farrowing house, convertible to 300 bu. 
grain bin; 8’x12’; off-center gable roof. Mov- 
able. Exterior plywood sides, floor and roof. 
Plan No. 72626. 15 cents. 


of Douglas Fir PI 


will help solve the critical storoge| 


ywoot 


problem 


AMERICAN FARMERS face a serious 
shortage of grain storage facilities this 
year. 

According to the U.S. Department 
of Agriculture, Production and Mar- 
keting Administration, present condi- 
tions indicate a need for new storage 
to house over one billion bushels of 
wheat, corn and other grains. Last 
year’s large crops still fill much of the 
on-farm and commercial storages — 
and new facilities must be built to 
accommodate this year’s harvest. 


This is not merely a one-year emer- 
gency. Large carry-over of grains 


1 Tight Construction: Plywood bins keep 
moisture out, resist leakage and spoil- 
age. They provide good insulation be- 
cause plywood is real wood; the ease 
with which they can be painted a light 
color provides additional protec- 
tion through reflective insulation. Fumi- 
gation is easier, more certain. 


Fast Construction: Large, light, accur- 
ately dimensioned plywood panels speed 
construction for farmers, farm builders 
and prefabricators. They can be “work- 
ed” with ordinary tools, assembled by 
nailing or gluing. Labor is saved. 


Vermin-Proof: Tight, smooth plywood 
walls provide no harbor for weevils or 
other grain insects. Rats and mice do 
not find ready access because there are 
few exposed joints to provide “tooth- 
hold.” 


Douglas Fir 


Available to agricultural engi- 
neers — the following specific 
data on plywood construction: 
“‘Designing with Plywood,”’ 


‘Deflection Charts,’ ‘‘Insu- 


lating with Plywood,” ‘‘Lateral 
Bearing Strength of Nailed 


Joints,” “Design of Flat Panels 
with Stressed Covers.’ Write: 


from one season to the next are ex- 
pected, and much of this carry-over 
should be stored in permanent bins 
built on the farm. 


Exterior-type Douglas fir plywood f 


has a proved record for durable, eco- 
nomical grain bin construction. Many 
sizes and types of bins have been de- 


veloped and tested by leading agricul- f 
tural colleges. Hybrid seed corn grow. f 
ers have used plywood construction inf 
their drying bins and elevators for} 


more than ten years. 


Primary advantages of plywood for} 


this purpose include: 


4 Light, Strong: Plywood’s diaphragm 
action contains grain pressures, adds 
structural strength, eliminates need for 
lateral wall bracing. Movable bins are 
possible because of plywood’s lightness 
and resistance to racking. Bins resist 
wind damage, full or empty. 


Adaptable, Attractive: Plywood bins 
have been designed for all grains. They 
are often convertible to other farm uses; 
if desired later the plywood can be sal- 
vaged for other buildings. Some are 
demountable—an advantage to tenant 
farmers. They finish well, are attractive. 


Durable: Plywood is real wood— with 
all of Douglas fir’s natural dural) lity. 
Exterior-type, used for farm purp ses, 
is bonded with completely water) roof 
phenolic resin adhesive, especial! for 
permanent exposure to weather. 


LARGE, LIGHT, STRONG 
Douglas Fir Plywood Association, Tacoma 2, Wash: ngton 
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Design Standards for Grade A Plant Producer 


Farm Dairies 
By Gordon L. Nelson 


MEMBER A.S.A.E. 


handling of raw milk under grade A permits have 

been built in large numbers throughout the South and 
Southwest. Fig. 1 shows a typical structure. These grade A 
barns generally include a milking room with four or more 
back-out-type stalls, a milk room, and a feed room; and are 
designed to suit local ordinances modeled after the milk ordi- 
nance and code recommended by the U. S. Public Health 
Service. Cows are milked in groups of four or more, making 
a barn with only a few stalls satisfactory for large or small 
herds. If herd shelter is needed, this is provided elsewhere. 

Construction of many more of this type grade A barn will 
be undertaken as expansion of dairying continues; as consumers 
become educated to demand high sanitary standards for pro- 
duction of milk for butter, cheese, ice cream, and other dairy 
foods, as well as for whole milk consumption; and as local 
inspectors become less lenient with producers having inade- 
quate facilities. Uniform design standards agreed upon by 
sanitation specialists and engineers can help make sure that 
new construction will be economical and well planned for 
cleanliness and efficiency in producing milk. Standardization 
in design and construction is quite feasible for grade A milk- 
ing barns because the operations are all of a fixed and routine 
nature, and one size building will accommodate large or small 
herds. 

Grade A dairy barn standards have already been worked 
out jointly by college and state authorities of four south- 
eastern states, including Virginia, Georgia, North Carolina, 
and South Carolina, and a retailing organization planning to 
sponsor construction of grade A barns as part of a merchan- 
dising program. Wisconsin, Ohio, Michigan, and New York 
City milksheds have each published milkhouse design stand- 


P seat producer farm dairies for milking and sanitary 


This paper was presented at a meeting of the Southwest Section 
of the American Society of Agricultural Engineers at Texarkana, Ark., 
April 15, 1949. 


GorDON L. NELSON is associate professor of agricultural engineer- 
ing, Oklahoma A. and M. College, Stillwater. 


Fig. 1 Grade A milking barns of this type are becoming an important 
structure on southwestern and southern farms 


ards cooperatively sponsored by college, state, and municipal 
groups regulating milk supplies. Other similar undertakings 
could be cited. In each case, the standards have been pub- 
lished as a model layout to aid in obtaining satisfactory con- 
struction of grade A dairy facilities. Dairymen, builders, 
material dealers, milk inspectors, financing agencies, and agri- 
cultural workers in dairy programs all profit from such en- 
deavors. Barns and milkhouses built according to the stand- 
ard will ordinarily satisfy inspectors in the several markets 
which a dairyman might use under changing marketing con- 
ditions and programs. Builders and material dealers can work 
out assembly-line construction methods and closely estimated 
costs when a standardized design can be used for many build- 
ings. A turn-key price can then be quoted to the dairyman 
who always wants to know “What is the price?” before de- 
ciding to build. Economies possible in constructing a number 
of units according to one design can be passed along to the 
dairyman. Local dealers have a basis for merchandising a 
complete building rather than building materials, just as the 
implement dealer sells a complete machine rather than metal 
stock and fastenings. Milk inspectors can use design standards 
in advising prospective grade A producers, and feel confident 
that their advice accords with approved engineering and sani- 
tation principles. Financing agencies, including milk plants, 
local banks, or other groups will be encouraged to make loans 
for construction of grade A barns if standards are available 
to help make sure that each barn will be a sound investment. 

Some considerations leading to design standards developed 
cooperatively by the agricultural engineering and dairy depart- 
ments of Oklahoma A. and M. College, Oklahoma State 
Health Department, and nineteen county and city health de- 
partments are presented here. These are largely based on sur- 
veys of existing grade A milking barns in Oklahoma and 
published data. Clifford Gay!* has obtained valuable data, 
cited in several instances following on fly control as influenced 
by certain design features in 80 grade A farm dairies in 
Payne County, Oklahoma, during 1947 and 1948. 


Arrangement. The building, (Fig. 2) includes a milk room, 
milking room, and feed room opening into a feed alley ex- 


* Superscript numbers refer to appended references. 


Fig. 2 Clear illustrations help dairymen, milk inspectors, and rural 
builders understand layout and construction of grade A milking barns 
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TRAVEL TO 
FEED ROOM 


12° 9" 139% INCREASE 


TRAVEL TO 
MILK ROOM 


9° 10" 19" 19.5% INCREASE 


GROSS FLOOR 
AREA 


813.4 Sq.Ft. 7320 Sq.Ft <e 


TOTAL LINEAR 


FEET OF WALL 157° 11" 4.2% INCREASE 


1516" 


Fig. 3 Grade A barns are sometimes built without feed alleys in the 
milking room, resulting in inconvenience and awkwardness in feeding 
and milking operations 


tending along the front of the mangers. In order to lower 
construction costs, dairymen sometimes want to reduce barn 
width by eliminating the feed alley and locating the feed room 
between the milk room and milking room. The operator 
places feed in mangers by reaching through the stanchions; 
and opens or closes each stanchion from a position between 
the cows. A comparison, as shown in Fig. 3, of two typical 
arrangements with equal floor area in milk room, feed room, 
stalls, and litter alley, but with feed alley eliminated in one 
arrangement, indicates that the price for a floor area reduc- 
tion of 10.0 per cent through eliminating feed alley is a 4.2 
per cent increase in linear feet of wall, a 139 per cent increase 
in travel to feed room, a 19.5 per cent increase in travel to 
milk room, and the inconvenience and awkwardness of an 
arrangement that requires the operator to reach through 
stanchions to place feed in the mangers and move among the 
cows to open or close stanchions. The travel distances were 
figured with reference to the first stall only, and do not in- 
clude travel to other stalls. 

The passageway from milking room to milk room has re- 
ceived considerable attention from sanitation specialists. 
Health ordinances always prohibit a direct entrance from 
milking room to milk room. Instead, the milk room and 
milking room must be separated by an enclosed vestibule or 
be provided with separate outside entrances to prevent flies 
from readily entering the milk room from milking room. 
Doorways in either case must be equipped with outward- 
swinging, self-closing screen doors. The enclosed vestibule 
is popular because the operator can travel between milking 
room and milk room without going outdoors. Gay’s summary? 
of his fly counts in milk rooms is shown in Fig. 4. It is clear 
that an enclosed vestibule connecting milking and milk room 
gives poor fly control compared to separate outside entrances 
for milking and milk rooms. Gay did not determine whether 
or not the human tendency for operators to prop open both 
doors in the enclosed vestibule at milking time contributed 
to the results obtained in his study. 

Milking Room Capacity. Economy in construction can be 
obtained by providing the minimum number of stalls consis- 
tent with an efficient grain-feeding and milking schedule. Few 
dairy farms in Oklahoma have stanchions for tying the cows 
and feeding grain other than in the milking room. If grain 
feeding is to be controlled so that cows are fed accord- 
ing to production, each cow must have time to eat a measured 
ration while tied in the milking room. Eating time will vary 
depending on the characteristics of the cow and amount of 
grain fed, but dairy specialists say that fifteen minutes is a 
reasonable allotment. If a two-unit milker is used, and five 
minutes time is allotted for preparing and milking each pair 
of cows, a minimum of six stanchions in the milking room 
are needed. Additional special feeding stanchions in another 
building would be needed if cows are not allowed enough 
time in the milking room to eat their full ration. 

Milking Room Floor Construction. Milking room floors 
should be designed for easy cleaning, elimination of tripping 
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Fig. 4 These data obtained by Gay! in 210 separate counts sho. that 
separate outside entrances for milking rooms and milk room hely keep 
flies out of the milk room 


hazards, and simplicity of construction. A comparison is :.ade 
in Fig. 5 of three types of milking room floor shown in cross 
section. On the basis of this comparison, a floor constructed 
in cross-section shape of a broad flat V as first shown in Fig. 
5 without abrupt drops is superior to other styles correspond- 
ing to the second or third types. More than three-fourths of 
gtade A barns in Oklahoma have floors constructed with a 
troughlike gutter or other break in floor level. This does not 
seem warranted, for each cow spends only a fraction of an 
hour in the barn, and if correctly managed in the milking 
room little or no manure is accumulated. 


A gritty, non-skid surface over areas of the milking room 
floor on which cows walk or stand is most necessary. Milking 
room floors are known to have been so smoothly surfaced that 
operators could prevent cows from suffering falls only by 
keeping the floors covered. 


Drainage Disposal. Drainage disposal from milking room 
and milk room is often unsatisfactory in grade A barns be- 
cause of poor design or unfavorable site conditions. The milk 
ordinance and code recommended by the U. S. Public Health 
Service, 1939, requires in section 7, item 6r: “All cow yards 
shall be graded and drained as well as practicable and kept 
clean”. One of the conditions for satisfactory compliance exists 
“when the wastes from the barn and milk room are not al- 
lowed to pool in the cow yard.” Milk and milking room 
drainage conducted only a few feet beyond the end of the 
barn usually results in pooling of wastes, manure accumula- 
tions, and dirty cow yards unless natural drainage at the site 
is exceptionally favorable. Gay’s studies show that when the 
cleanliness condition of cow yards was judged in violation of 
the standard grading ordinance, approximately 17 times as 
many flies were found in the milking barn and milk house 
as when the cow yards were judged to be in “good” condi- 
tion. When the yards were considered to be in “fair”? cndi- 
tion, four times as many flies were found as when s:ored 
“good”. Obviously positive means must be provide: for 
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Fig. 5 Milking room floor construction can be improved by elimi: 
troughlike gutters or other breaks in floor level 
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conducting wastes beyond the cow yards and lanes. At build- 
ing sites where the natural slope and location of the cow yard 
permits, wastes may be conducted away from the barn in a 
concrete-lined surface drain to a surface outlet well-drained so 
that pooling is impossible. Such a system is shown in Fig. 6. 
If natural drainage at the site is poor, a shallow, concrete- 
lined outside cleanout equipped with cover should be installed 
to receive wastes from the milking room and discharge liquids 
into a tile line laid with tight joints and extended to a well- 
drained surface outlet at a grade of at least 4 in per ft. The 
cleanout should be designed for easy cleaning with a shovel, 
and daily removal of solids should be enforced. Waste from 
the «ilk room should be removed by a separate line, and not 
conc .cted through the milking room. Mudholes and manure 
accu iulations which serve to attract flies can largely be 
elim sated by a paved yard where the cows gather before 
ente: ng the barn. 


Sianger and Stanchion Construction. Manger formwork 
can |2 eliminated and construction simplified by building the 
fror’ and rear walls of the feed manger using concrete block 
as sugested in Fig. 7. The manger floor should be constructed 
at east 12 in higher than the stall platform to permit cows 
to ext without kneeling or lunging forward while being 
milked. Where homemade stanchions are used, the horizontal 
rail .nchoring the lower end of the stanchion vertical mem- 
bers to the manger rear wall should be designed so that feed 
will sot accumulate behind or beneath the rail. A suggested 
detai' using angle iron anchors supporting the lower rail 
with 114 in clearance is shown in Fig. 7. The manger front 
wall should be tied to the manger floor with metal ties em- 
bedded in the concrete and mortar joint. The manger rear 
wall should be dowelled to the cow stall floor slab. 


| entilation. Milk rooms are usually ventilated by a verti- 
cal flue from an opening in the milk room ceiling to a hood 
at the roof peak. The milking room, when not ceiled, is venti- 
lated by gable louvers; or if the room is ceiled, by a vertical 
duct as in the milk room. Data or recommendations are not 
known that specify the ventilation rate to be provided. The 
1939 milk ordinance and code recommended by the U. S. Pub- 
lic Health Service in section 7, item 3r: ‘Such sections of all 
dairy barns where cows are kept or milked shall be well venti- 
lated and shall be so arranged as to avoid overcrowding.” 
Section 7, item 8r (c) of the milk ordinance and code states 
concerning milk room construction: “It shall be well lighted 
and ventilated.” Satisfactory compliance is determined by 
judgment of the inspector. One state health department rec- 
ommends that the milking room be ventilated by as many 
ventilators as necessary, 18 to 24in in diameter; and that the 
milk room be ventilated by ceiling type ventilators 12 to 18 in 
in diameter screened at the top. Before an adequate ventila- 
tion system can be designed, the engineer must know the 
quantity of air removal required under a given set of weather 
and room air conditions. The A.S.H.V.E. Guide for 1929 rec- 
ommends that for kitchens and laundries in schools, hotels, 
and hospitals, from 20 to 60 air changes per hour should be 
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A well-built, concrete-lined open drain for milking room wastes 
satisfactory if liquids are not allowed to pool in the cow yard 
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provided. When the milk room is in use, moisture conditions 
and the need for ventilation are somewhat comparable to 
those in a kitchen or laundry. A 12-in-diameter flue in a 
12x14-ft milk room with an 8-ft ceiling height will provide 6.4 
changes per hour; and an 18-in-diameter flue will provide 
about 14.5 changes per hour with a flue height of 6 ft, an 
average wind velocity of 5 mph, outside temperature of 25 F, 
inside temperature of 35 F, and an effectiveness of 40 per cent. 
(Calderwood and Mack? report an average effectiveness of 
approximately 41 per cent for vertical flue ventilators with 
plain stationary hoods increasing to approximately 50 per cent 
for ventilators with rotary siphoning hoods at a wind velocity 
of Smph.) The combined effect of wind velocity and tem- 
perature difference are taken into account by the method rec- 
ommended in the 1948 A.S.H.V.E. Guide. Infiltration and 
leakage will add approximately 144 changes per hour making 
a milk room total ventilation rate of 16 changes per hour ob- 
tainable with an 18-in-diameter flue and hood under the con- 
ditions specified. Whether or not this rate is adequate is not 
known, but it approaches the figure of 20 air changes per hour 
previously cited. 

A 24-in-diameter flue or its equivalent in the milking 
room will remove moisture at the rate produced by 6 cows, 
assuming the conditions previously specified and an inside air 
relative humidity of 75 per cent and an outside air relative 
humidity of 50 per cent. 


Screening. Screening against flies is required for all door- 
way and window openings in the milk room. Outside window 
screens tacked to the edges of window frames or mounted on 
removable panels are approved by most ordinances. It has 
been observed that when screening is tacked to milkhouse 
window frames, it often tears loose or gaps at the edges. 
Well-built screens mouhted on carefully fitted, removable 
panels generally remain flyproof and in good repair for a 
longer period of time and should be recommended. Gay's 
studies indicate that when milkhouse screens need repair, six 
to eight times as many flies per milk room can be expected 
as when the screens are in good repair. Milking room win- 
dows should not be screened against flies, but should be 
equipped with 14-in hardware cloth as protection against 
glass breakage and entry of birds. 

Delineation. Farmers, milk inspectors, and others not 
trained in building construction or interpretation of working 
drawings need pictorial presentation of layout and construc- 
tion details to help them understand a design. Perspective 
and cut-away diagrams of the building, as in Fig. 2, are in- 
valuable in meeting this need. Construction details should 
be completely developed, rather than left to the imagination 
of the builder. Some builders will not closely follow details, 
but the conscientious builder will profit by them. Design 
standards ought to be sufficiently detailed to satisfy the most 
careful builder, and through constant presentation of details 
the careless builder may eventually be persuaded to build as 
shown. If the designer does not feel inclined to prepare com- 
plete details, he can hardly blame builders or farmers for 
inadequate construction. 

Design standards should coordinate building materials to 
eliminate unnecessary cutting and (Continued on page 274) 
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Fig. 7 Manger formwork can be eliminated by building manger walls 
with concrete masonry units 
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An Economic Study of Combines 
By Kurt Nathan 


JUNIOR MEMBER A.S.A.E. 


New York has increased greatly within recent years. 
About one half of the grain grown in the state is now 
combined. 

In order to gather information as a basis for a study of 
the suitability of the various sizes of combines available for 
different acreages, a survey of 79 machines was made in 
central New York during 1947. Table 1 presents some of the 
results obtained in this survey. 

Following are some of the additional facts brought out by 
the survey: 


T importance of the combine harvesting method in 


TABLE 1. Some Results of a Survey of 79 Combines in Central New 
York, 1947 

ee et Re. |S b 54-60 66-72 
Number of combines............. x, AS 45 21 
Total acres harvested (1947) ...cccccccccssseneenne 50 113 128 
Largest acreage of any one small 

grain crop harvested (1947) ...ccccccccccscsneee 27.0 48.7 61.8 
Acres harvested per day. 6.4 7.3 
Acres harvested per hour 1.06 1.19 
Hours of farm labor for repair (1947) occcccccoon " 10.8 15.4 
Cash expense for repairs (1947), dollars... 24.80 25.20 
Cash repair costs per acre (1947), dollars... 0.22 0.19 


Barley, beans, buckwheat, clover seed, oats and barley 
mixture, rye, timothy seed, and wheat were successfully har- 
vested by the combines covered in the survey. 

The combines averaged a working day of only six hours 
because of weather conditions and interference from barn 
chores. 

Owners estimated twelve years as the average expected 
length of life of a combine. 

Over 60 per cent of the operators did custom work. 

Utilizing the collected data from the survey, estimates of 
harvesting costs with the various sizes of combines on differ- 
ent acreages were made. These estimates are graphically pre- 
sented in Fig. 1. They include depreciation, interest on 
investment, insurance, taxes, housing, cash repair costs, farm 
labor for repair, labor for servicing, lubricants, man labor, 
and tractor costs. It should be noted that they apply to com- 
bines equipped with grain bins and power take-off arrange- 
ments, and that they do not include the costs of handling the 
straw and of hauling the grain. 

~ Since for combines equipped with baggers the labor charge 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 


Kurt NATHAN is assistant professor of agricultural engineering, 
National Agricultural College, Farm School, Pa. 


Small Combines 
(40 oF 42 inch cutter bare ) 


? 
2 


Bede Combines 
( $4 to 60 inch eutter bars ) 


Barvesting Cost per Acre, Dollars 


fa 
& 


Large Combines 
{ 66 to 72 inch cutter bare) [ 


(heh MER aR 


100 
Acres Combined per Tear 


Fig. 1 Estimated harvesting costs under New York conditions, with 
various sizes of power-take-off-driven combines, equipped with grain 
bins. (Costs do not include handling straw or hauling grain) 


for an extra man must be added, the harvesting costs per acre 
for the smaller sizes of combines would be affected more dis- 
advantageously than the per acre costs for the larger oncs be- 
cause of the greater time involved to harvest any viven 
acreage with a small machine. This relative inefficiency of 
the small combines is shown in Table 2. 


TABLE 2. Days Necessary to Harvest Certain Acreages with Ditferent 
Size Combines, based on Results of a Combine Survey in 
Central New York, 1947 


Acres 25 50 73> 100 150 200 
Cutter bar, in Days necessary to harvest certain acreages 
40-42 6 11 17 23 34 
54-60 4 8 iz 16 24 31 
66-72 4 s 11 14 21 28 


It will be seen from Fig. 1 that small combines (40-42-in 
cutter bar) operate more cheaply than the other sizes on 
acreages ranging up to about 35 to 40 acres. The medium size 
machines (54-60-in cutter bar) are lowest on a per acre cost 
basis on total yearly acreages from about 35 or 40 to ap- 
proximately 75 to 80 acres. When this acreage is exceeded, 
the larger machines (66-72-in cutter bar) harvest more eco- 
nomically. 

There seems to be little difference in harvesting costs be- 
tween the three sizes up to a yearly acreage of 40 to 45 acres, 
above which the small machines are considerably higher than 
the larger sizes. 

The medium and larger size combines cut at approximately 
the same per acre cost on acreages between 40 to 45 and 75 to 
80 acres. On yearly acreages greater than this, the large ma- 
chines are a little lower in harvesting costs. 

The difference in harvesting costs between the various sizes 
of combines is due largely to increased labor costs, since the 
small machines have less capacity and thus the time to cut a 
given acreage is increased. 

Fluctuations in wage rates would affect the estimates con- 
siderably, as would changes in machinery costs, since depre- 
ciation and interest also constitute a major portion of the 
total harvesting expenses. 

The estimates seem to reveal that in spite of lower initial 
cost the small combine size (40-42-in cutter bar) is probably 
impractical even for small acreages, when eventual future 
needs of a farm business and possible custom worl: are 
considered. 


Design Standards for Grade A Plant Pro- 


ducer Farm Dairies 
(Continued from page 273) 


fitting on the job. Many building material manufacture:s are 
working toward a scheme of modular coordination. \\ hole- 
salers and retailers serving the area in which the desig:'s are 
to be used should be consulted for sizes and types of w idow 
sash, doors, and other materials commonly carried in «tock, 
and these should be detailed for minimum cutting and : ting. 
Otherwise the builder might be placed in a quandary as t how 
building dimensions and details should be changed t sult 
available materials. A patched-up construction job c. be 
expected under these circumstances. 
REFERENCES 
1 Clifford Wayne Gay. Pests of dairy cattle in Payne ( unty, 
Oklahoma, control methods and interrelated items of public ealth 
significance. July, 1948. Unpublished thesis. Library, Oklahoma .\. and 
M. College. 
2 J. P. Calderwood and A. J. Mack. Comparative tests of auto- 
matic ventilators. Kansas State Agricultural College Engineerin. Ex- 
periment Station Bulletin No. 14. April, 1925. 
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The Thermocouple in Agricultural Research 
By Coby Lorenzen, Jr. 


MEMBER A.S.A.E. 


GRICULTURAL research embraces a wide range of prob- 
lems in which temperature is an important variable. 
Heat balances are performed on plants and animals 
and on their environments. Storage and processing of agricul- 
tural products are critically concerned with temperature. In 
the eld and laboratory, studies may involve transfer of large 
volu nes of fluids with small temperature differences, with the 
resu' that heat balances depend upon a high degree of ac- 
curacy in temperature determinations. 

‘the thermocouple finds useful application in much of this 
work. Compared with other temperature-measuring devices it 
has practical advantages. It is particularly useful in the meas- 
uren-nt of temperatures of surfaces, in remote positions, or 
plac:s where space limitations prohibit the use of any other 
device. 

Accuracy of temperature measurements in any investiga- 
tion will depend upon the nature of the study. There is no 
prac''cal gain in determining temperatures to the nearest 0.01 
degree when an error of ten times this amount would not 
appreciably reduce the over-all accuracy of the test. Although 
this paper is concerned with thermocouple performance, there 
are instances where the use of simpler devices, such as the 
mercury thermometer, is entirely justified. It may be men- 
tioned, however, that precautions of calibration, immersion, 
etc., must be observed if consistent and reliable data are to be 
expected. 

It is not the object of this paper to cover the entire field 
of temperature measurement by means of thermocouples. This 
report is concerned with some considerations applying to the 
use of thermocouples in general, with the construction and 
application of the butt-welded junction employing wires of 
very small gage, and with the indication of their possible use 
from experiences in connection with studies at the experiment 
station of the University of California at Davis. 


When producing a thermoelectric circuit, several factors 
must be considered. These include the range of temperature 
to be measured, the thermocouple material, location of the 
thermocouple junctions, the type of circuit to be employed, 
calibration, control of the reference junction temperature, and 
the type of environment, i.e., whether the temperature is inde- 
pendent of or varies with time. Some of these factors are 
closely related and will be discussed together. For example, 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, II]., December, 1948, as a 
contribution of the Rural Electric Division. 

Cosy LORENZEN, JR., is assistant agricultural engineer, University 
of California, Davis, Calif. 

AutTHoR’s Note: Data and experiences presented here are assembled 
from several different’ investigations by the agricultural engineering divi- 
sion, University of California. The author wishes to thank the members 
concerned for illustrative material taken from their work. 
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(a) (6) Distance 
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Fig | (a) This shows the thermocouple junction applied at the section 


x =O. (b) This graph illustrates the equilibrium condition 


<3 


the range of temperature is of importance in choosing the 
thermocouple material. 

Although any two dissimilar metals will exhibit a thermal 
voltage when their junctions are held at different temperatures, 
relatively few are used extensively for this purpose. The most 
common of these are copper-constantan, iron-constantan, and 
chromel-alumel. The thermal emf (electromotive force) .of 
these combinations varies from about 0.020 to 0.030 mv (milli- 
volts) per degree Fahrenheit. The usual lower limit of tem- 
perature range for all three types is about 300F (degrees 
Fahrenheit), while the upper limits are 600F for copper- 
constantan, 1400 F for iron-constantan, and 2200 F for chromel- 
alumel. A fourth type, platinum-platinum rhodium, of which 
there are several alloy combinations, generates a slightly lower 
emf per degree but has a higher upper and lower limit of 
temperature range, extending from about 0 to 3000 F. 

Other combinations of elements and alloys exist which 
develop two to three times the emf per degree of the couples 
mentioned above, but their use usually is confined to instru- 
ments for the measurement of radiant energy. These include 
silver-bismuth, (0.042 mv per deg F), and bismuth tin-bismuth, 
(0.070 mv per deg F). 

Location of the junction is an important detail in making 
temperature measurements. The actual junction must be de- 
fined as the line along which the two metals first contact, and 
the recorded temperature will be that which exists at that 
point. Assume a junction is formed by twisting and soldering 
the ends of two wires and the junction is placed in a body so 
that a portion of the twisted end extends from the surface. If 
the surroundings are at a lower temperature than that of the 
body, the recorded temperature will be influenced by the body 
temperature as well as by the temperature of the surround- 
ings and will be between these two. 

Surface temperatures are sometimes measured by touch 
thermocouples. Experience indicates that this method is use- 
ful only when considerable error is allowable. The recorded 
temperature will be a function of the condition or type of the 
surface, and the pressure with which the junction is applied. 
Temperatures of black sheet metal surfaces determined by 
this method showed errors of 10 per cent as compared 
with measurements indicated by thermocouples brazed and 
peened into the surface. 

Thermocouple installations may be simple or complicated, 
depending upon the nature of the investigation. In its simplest 
form the circuit will consist of an indicating junction, a refer- 
ence junction the temperature of which is known, and an indi- 
cating instrument. Here the chances for error are few. Where 
the circuit includes a large number of indicating junctions, one 
or more reference junctions, and switching arrangements that 
allow the use of one recording instrument, care must be taken 
to prevent or eliminate circuit errors. These may be caused by 


temperature 


time 


Fig. 2. This graph represents the transient period following a sudden 
change in the temperature of the surroundings 
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failure to isolate reference junctions where several such junc- 
tions are common to a single reference bath, to stray currents 
present in parts of the circuit, or to incorrect polarity when 
couples are connected in series or parallel. 

Connecting junctions in parallel in order to determine the 
average of several points has no particular advantage other 
than the saving of thermocouple wire and the fact that only 
one reading is necessary. The separate circuits should have 
the same resistance and of course must be connected with the 
proper polarity. The main disadvantages are the possibility 
of one or more of the couples giving an erroneous indication 
without detection and the inflexibility of the arrangement. If 
a separate reading is taken at each point, the average may still 
be found, as well as the distribution of temperature over the 
points being studied. 


Circuits of multiple junctions with a common return are 
recommended only where extreme care is taken in their con- 
struction and where there is no possibility of stray currents. A 
short circut occurring between a thermocouple lead and the 
common return will develop an emf which will cause current 
to flow in the closed circuit. This will result in all the couples 
indicating an error. Leakages in this type of circuit, originat- 
ing for example from electrically driven or electronic re- 
corders, also may affect all the thermocouples in the circuit. 
If all the couples are in error by the same amount, this trouble 
is difficult to detect. 


In circuits employing multiple junctions located at consid- 
erable distance from the recording station, total lead length 
may be reduced by use of a central reference box, remote 
switch control, and single leads to the recording instrument. 
A second, single thermocouple circuit comprising ice bath and 
with the remote junction in the reference box completes the 
installation. The requirement for correct indication by all the 
thermocouples is that all points of the reference box be at the 
same temperature. 


Control of the cold or reference junction of the thermo- 
couple circuit is of course essential in making accurate tem- 
perature measurements. The bath of ice in equilibrium with 
water is the common cold junction used, and is satisfactory 
when necessary precautions are taken. The bath should be 
maintained in a thermally insulated container. Distilled 
water should be used to make the ice, especially when more 
than one junction is placed in the same bath. It is well to 
insulate the junctions electrically but not thermally from one 
to another. This may be done by coating each junction with 
bakelite enamel or similar material. 

Thermal gradients may be present in any liquid bath 
used as a reference, especially if the bath is large. Stirring 
liquids or liquid and ice mixtures will tend to maintain the 
entire bath at a constant temperature. Circulation should be 
at a very low rate to prevent the energy of the stirring device 
from raising the bath temperature. 


Thermocouples should always be calibrated before being 
used. If possible, the calibration should be made under the 
actual conditions of use. Two methods of calibration usually 
employed are the comparison through a range of temperatures 
with a standard thermometer, and the establishments of fixed 
points (melting, freezing, and boiling points) in the range of 
temperatures in which the thermocouple is to be used. Where 
extreme accuracy is desired these fixed-point calibration tem- 


temperature 
temperature 


ig. 3 This graph expresses change in temperature of 
surroundings at a constant rate 


ig. 4 This graph illustrates lag in thermocouple when surrounding tempe :ture 
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peratures must be corrected to standard atmospheric pressure. 

Aside from the voltage errors mentioned above originating 
in the thermocouple circuit, thermal errors may occur a‘ the 
hot or indicating junction. Knowledge of the physical proper. 
ties of the thermocouple and the kind of application pe: mits 
calculation of corrections to the recorded data. Four of hese 
seem worthy of some discussion; a more detailed treat-nent 
of the subject may be found in the literature cited2*: 


1 Heat conduction along thermocouple leads unde: the 
condition of unidimensional heat flow and temperature v' the 
surroundings independent of time. This type of correction is 
applicable in the case of temperature measurement of parts of 
plants such as twigs or stems. Assume the temperature of a 
stem, for example, is uniform along its length; i.e., no heat 
flow occurs across any section perpendicular to its axis. A 
thermocouple junction is applied at any section x = 0 ir Fig. 
1(a). If the surroundings are at a lower temperature than 
the plant, heat will be conducted away from the stem by the 
thermocouple leads and temperature gradients will be created 
along the stem toward the junction. The equilibrium condi- 
tion is illustrated in Fig. 1(b), the curves indicating the tem- 
perature distributions along the stem and thermocouple wires. 
Since the small wire approximates the infinitely long rod, the 
temperature curve for the thermocouple may be represented 
by the expression 


/hL, 
tisi.wr pe ree ae {1} 


where ¢ = temperature of the wire at any distance from the 

junction, deg F 

ty = temperature of the wire at x ='o, deg F 

4 = unit film conductance between the wire and the 
surroundings, Btu/ft? hrdeg F 

P = perimeter of the wire, ft 

& = thermal conductivity of the wire, 
Btu/ft? hr deg F/ft 

A = cross sectional area of the wire, ft? 


By Fourier’s law of conduction, the heat flow across any 
section of the stem or wire is g= -kA(Zt Se ee 


where g = rate of heat flow, Btu/hr 
dt/dx = temperature gradient at the section under 


discussion. 
At the section x = 0, a heat balance may be expressed by 
g*4*°9*4.—__$_ {3] 


Differentiating equation [1] and substituting x = 0 gives 


(EP x 


Substituting this result in [2], the heat flow rate is 


g=-k/- fi tn [Am DPKA “bey 5] 


It may be noted the temperature along the stem :- also 
expressed by equation [1} when the properties of the stem 
are used in the constant. 


Referring to Fig. 1(a), g, = 4, so that the total hea: ‘ow 
along the stem is 


* Superscript numbers refer to appended references. 
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q- 2( /hPKA/}t,, =/ /bPKA) +{ /bPKA) /t, 


:, is the original equilibrium temperature of the stem and 
_ the drop in hig es due to the presence of the thermo- 
couple, so that t,, = t, — ty and 


‘ _(SoBRR y+ (VARA, V>PKAL 
- 2(/APKA} 


> Conduction of heat in the thermocouple wire during a 
ch. ge in the temperature of the surroundings. Fig. 2 repre- 
ser 5 the transient period during which the thermocouple is 
in urroundings which suddenly change from a temperature 
r,. .o a lower temperature 7,. This transient condition is 
tre ed as follows: 

‘he assumption here is that the thermal conductivity is 
inf. ite, an approximation which is justified for bodies, such 
as snall wires, where the ratio of surface to volume is large. 

he heat change per foot of thermocouple wire per hour is 
at 
Try & FA 
wihcre r = radius of wire, ft 
= density of wire, lb/ft? 
= specific heat of wire, Btu/deg F lb 


t = temperature of wire, deg F 
6 = time, hr. 


This is equal to the heat transfer to or from the surround- 
ings, that, 


7, Final temperature of the surroundings, deg F 
/ Unit film conductance Btu/ft2hr 
Equating these expressions, 


™r 2 pcp (Zt gt) . =h2nr(t- " 


2h 
or ft-z,) a dé = rY op de 


The limits of integration are ¢ = 7, and ¢ = #, 
6=o0 and @= @ 


Thus, fés- 25. [de Di eens OR Tee eee {12} 


aa ee Se 
in(t-7) =-ln ig i eS 


*  ¢-)= (¢-~) es? 


The quantity (¢— 7,) is the deviation of the recorded temper- 
ature from the final temperature at any time 9, so that the 
time required to approach 7, within any practical limit may 
be calculated. 


This expression is useful in another form. Leaving it in 


terms of the logarithm of the temperature ratio and solving 
for 4, 


teem, 


” Lee t-z) 
h= /n fe-@ 


For example, plant leaves have relatively high thermal con- 
ductivities and low heat capacities. By recording the temper- 
ature history of a leaf suddenly placed in surroundings at a 
dierent temperature, it was possible to calculate the film 
conductance of the leaf. 


3 Lag in thermocouples when the temperature of the sur- 
ro dings is changing at a constant rate. Occasionally experi- 
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ments require the measurement of temperatures by thermo- 
couples where the boundary conditions are a linear function 
of time. Again, for bodies of infinite thermal conductivity the 
correction, in this case the temperature lag, may be calculated. 


As before, the heat gained by the wire per unit length is 
equal to the heat lost to the surroundings so that 


mr *yCp ge =h2rr(c-t) [15] 
from which (shee) at , ig {16} 


If the temperature of the surroundings is changing at a con- 
stant rate, it may be expressed as 7 = a @ This is shown in 
Fig. 3 by the straight line from the origin, indicating 7 = o 
(or is at the datum) at time @ = o. 


i. ailie 


—_ ie TYG TY 


“xO=0 17] 


2h 
Integration yields ¢ = «6-5 ce a+ Ce re? ..{18] 


If ¢=o at time @ = 0, which will be the case for proper 
selection of the datum temperature, then 


C= 3; 


—=_— = 
whence "9 =«6- Le «//-e 05 9/ blgnse tee 


which is shown by the curved line, Fig. 3. 


The coefficient of @ in the exponent of e, equation [19], is 
a constant. Practically it may be determined experimentally 
from the condition illustrated in Fig. 2 and indicated by 
equation [14]. 

The quantity (a@ — ¢) then is the temperature lag of the 
thermocouple at any time 8. It will be noted that as @ in- 
creases the quantity in the bracket approaches unity, so that 
the lag will have a limiting value of (rvC,/2/)« as indicated 
by the vertical distance between the solid and dotted lines in 
Fig. 3. In a graph of time required to reach 98 per cent of 
final temperature vs. diameter of thermocouple wire, with 
velocity as parameter, Bailey? shows the effect of wire size on 
this form of lag for thermocouples in air at velocities from 
zero to 150 fps. 


4 Lag in thermocouples when the temperature of the sur- 
roundings varies according to a periodic function. Investiga- 
tions may involve determinations of environmental tempera- 
tures which vary in a fixed cycle with time. If this periodic 
variation follows or closely approximates a sine wave, cor- 
rections may be applied to the recorded data to reduce the 
error of temperature and phase lag. The relation®, assuming 
infinite thermal conductivity of the thermocouple wire, is 


fe 


[19] 


where, in capes ry * = amplitude of actual temperature varia- 
tion, deg F 


t= amplitude of measured temperature 
variation, deg F 


4 = unit film conductance between the wire 
and the surroundings, Btu/ft hr deg F 


¢ = heat capacity per unit length of the 
wire, Btu/deg F ft time, seconds 


= 27x frequency of the temperature vari- 
ation, cycles/second 


/ 
The quantity VAMOS represents the fraction to which 
-~ 
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the original amplitude has been reduced, while the phase 
lag of the thermocouple indication is equal to an angle 


= tan-"(45) 


The corrections should be calculated and applied where- 
ever accuracy requires them. Examination of the relations 
presented in equations [7], [13], [19], and [20], however, 
reveal that decreasing r and increasing / result in smaller 
values of correction. Since r will be reduced, and in general 4 
will become greater, as the wire size decreases, there is an 
advantage (where other factors do not interfere) in the use 
of thermocouples made of small diameter wire. 

Development of a simple method of construction of butt- 
welded junctions, especially in very small wires where the 
junction cannot be appreciably larger than the wire itself, has 
aided greatly in applications where space is of major impor- 
tance. 

Use of electric current in forming the butt weld has been 
tried with little success. The work was limited to copper 
constantan thermocouple since it was found that this com- 
bination had advantages over others for the studies being 
made. The electric welds were accomplished by current con- 
trol through condenser discharges. These welds were strong 
enough, but resulted in embrittlement of the copper wire 
adjacent to the weld itself. 

The method finally used was to braze the junction by use 
of silver solder. This bond is formed at about 1100 F and at 
this temperature there apparently is no change in the material 
as the junctions are as strong as the separate wires. 


No particular difficulty is encountered in forming the butt 
joint with wire of 26 gage and heavier. For smaller wires, a 
satisfactory technique has been developed requiring certain 
tools and equipment, as follows: 


1 A pair of small, sharp scissors. 


2 An alcohol burner. This should produce a flame only 
large enough to bring the wire up to a dull red temperature, 
about 900 F. For size 36 or smaller wire, the flame should not 
be over 4 in in height. 


3 Silver solder filings. Rod or ribbon solder is filed with 
a clean, fine file, and the filings collected. 

4 Soldering flux. Finely powdered borax is used for this 
purpose. 

5 A clamp for holding the wires while forming the 
bonded junction. Two strips of 16 gage sheet brass about ¥ in 
wide and 2in long are pinned at one end just tight enough 
to maintain any angle at which they may be set. At the free 
ends of the strips holes are drilled and tapped to accommo- 
date small machine screws such as size 2-56. A small, flat 
washer is placed under each screw head to form a clamp for 
the wire. 


6 A jeweler’s loupe may prove helpful when working 
with wire of 36 gage or smaller. 


Fig. 5 (Left) A junction completely surrounded by a pair of cylindrical 
shields e Fig.6 (Right) An instrument for accurate determination 
of humidity and humidity gradients in still air 
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Proper preparation of the wire ends is important. Clean- 
ing is accomplished by use of fine emery cloth or steel y ool 
and care must be taken to remove all enamel or other insv'at- 
ing material for a distance of 4 in from the end. The cds 
should be cut clean and square. The small pair of s! arp 
scissors will shear the smaller wires nicely. For heavier g ges 
the wire may be drawn through a hole of the proper siz. in 
a metal block so that its end protrudes slightly, and a \ ery 
fine file run over the surface of the block. This will for. a 
flat, clean, square face at the end of the wire. 


The cleaned wire ends are then tinned. The tip of «ach 
wire is moistened, dipped in the borax, and heated above the 
burner flame to form a bead. This bead should complc ely 
cover the tip of the wire. If the bead forms around the -/ire 
away from the end, the tip will become oxidized and the 
silver solder will fail to adhere. Once this condition deve! ps, 
the best procedure is to cut a short section from the wire and 
start with a new borax bead. With the bead properly formed, 
the wire end may be again moistened and dipped in the siiver 
solder filings to collect a very small amount of solder on the 
surface of the bead. The wire is again heated, this time to a 
temperature sufficient to melt the borax. At this point the 
silver solder will flow through the borax and form a thin 
coating on the wire tip. This operation is performed with 
both the copper and constantan wires. 

The wires are now placed in the clamp, each being held 
about 34 in from its tinned end. The clamp is adjusted so 
that the ends are almost in contact and the wires carefully 
aligned with one another. The ends are then brought into 
very light contact and again held in or above the burner 
flame. Careful heating will bring the temperature of the wires 
to the melting point of the solder, and the thermal expansion 
of the metals will cause enough pressure to hold the tips 
tightly together while the bond is formed. Too much pres- 
sure by the clamp before heating will very likely cause the 
tips to spring past one another and form a lap joint rather 
than the desired butt junction. 


The junctions should be tested before using. This may be 
done by rolling the wire between two smooth hardwood 
blocks. Properly formed thermocouples will be found to have 
the strength of the original wire. 


Some experience will be necessary to determine the proper 
amount of bonding material to give a junction which is not 
larger than the diameter of the wire. An excess of the ma- 
terial will result in a ball being formed about the junction. 
Although this may be worked down, it usually is simpler to 
form a new junction. 

The practical use of this type of thermocouple junction 
and its advantages over other forms may be seen in some of 
its applications in connection with investigations carried on at 
the California Agricultural Experiment Station during the |ast 
several years. 


“Thermocoyple 


Section ot leaf 


Fig. 7 A thermocouple of very small wire placed directly in the ‘eaf 
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SPO att as See 


Fic 8 (Left) Photomicrograph of a section of a citrus leaf with the thermocouple in cross section e Fig. 9 (Right) Dried prune samples 
in which thermocouples were threaded before processing 


hielded Thermocouples. Work in orchard heater develop- 
me involved measurement of temperature of air in the vicin- 
it, f experimental heaters where the thermocouple was ex- 
pe <d to the radiation from the heater. Here the indicated 
te. perature of an exposed junction near the heater would be 
his er than the actual air temperature by the amount of en- 
er;, absorbed at the junction. A junction completely sur- 
rounded by a pair of cylindrical shields, as shown in Fig. 5, 
recuced the radiant energy error to a small fraction of that 
allowable. 

There appears to be no completely satisfactory analytical 
treatment of the shielding of thermocouples from errors due 
to radiation, in still air. Much work has been done, including 
that of Rohsenow‘ under conditions where gas velocities ex- 
ceed approximately 10 fps. Observations of Parmelee® (with- 
out, however, any attempt at mathematical analysis) show 
that for shields which exceed a limiting value of the ratio of 
length to diameter, the recorded temperature may be greater 
than the unshielded couple. 

Convection Thermocouples. Orchard heater studies also 
included determination of temperatures of hot gases flowing 
through the heater stacks. These gas temperatures in many 
instances were as high as 1600F. The heater stack was a 
sheet metal surface which acted as a good radiator and in 
environmental temperatures near or below the freezing point 
high radiation rates resulted in stack temperatures several 
hundred degrees below those of the stack gases. An exposed 
thermocouple junction placed in the stack gases would be in- 
fluenced by the relatively cool walls surrounding it and would 
indicate too low a gas temperature. The convection thermo- 
couple, a junction placed in a cylindrical tube through which 
the hot gases are drawn at high velocity, allows accurate 
measurement of the gas temperature since the thermocouple 
junction can see little or none of the colder surface. 

Examples of use of the very small butt-welded thermo- 
couple include measurement of temperatures of parts of grow- 
ing plants. In attempting to determine the heat transfer in 
citrus orchards during frost protection operations, it was 
desired to find temperatures of oranges at definite points 
within the fruit. Since temperature data over a period of 
several weeks was required, it was necessary to maintain the 
couples without injuring the fruit. This was accomplished 
by threading couples of 36 gage wire (diameter, 0.006 in) 
directly through the orange. First applications of this tech- 
nique resulted in early rotting of the fruit due to bleeding 
and to bacterial action at the entrance and exit points of the 
wires. There was also oxidation of the wires due to contact 
with the fruit juices. When wires were coated with a light 
layer of bakelite enamel and each entrance and exit point was 
sealed with a drop of paraffin, no further trouble was en- 
countered. The advantage of this method may be seen in the 
fact that exact locations of the thermocouple junctions may 
be found by careful cutting of the fruit at the conclusion of 
the study. 

Thermocouple junctions covered with moistened wicks 
have long been employed in the measurement of humidity. 
D: ices of this kind with large wires are either restricted to 
us’ in air streams where the velocity exceeds the minimum 
©: 0 fps, or must be of the sampling type constituted so that 


air may be drawn over the moistened junction. There are 
many instances where either type is unsatisfactory. An in- 
strument developed at the California Experiment Station 
makes possible the accurate determination of humidity and 
humidity gradients in still air. Fig. 6 shows one model of 
this instrument employing single wet and dry junctions of 
36 gage wire. Other instruments employ three alternate wet 
and dry junctions in series. The limiting factors in design of 
these devices are a total diameter of junction and wick not 
greater than one millimeter (0.04in) and a minimum wick 
length of wet junction covering of 34 in. Wires of 36 gage 
or smaller are satisfactory. The wicks usually are cotton 
threads which have been laundered several times to make 
them absorbent. The wet junction of the instrument illus- 
trated is covered with a strip of cigarette paper, following the 
practice of W. V. Hukill of the U.S. Department of Agri- 
culture. 


Where the limitation of space dictates the size of the 
temperate measuring device, the butt-welded thermocouple 
displays its greatest advantage. This condition may be found 
in studies involving the determination of leaf temperatures. 
Here is an example of a body of low heat capacity, the temper- 
ature of which may vary through a considerable range in a 
short period of time. A touch thermopile or similar device 
would have a sufficient heat capacity to affect the leaf tem- 
perature before ‘an accurate indication could be recorded. If 
the leaf were receiving energy by radiation, it would be diffi- 
cult to use a device of any appreciable surface area without 
affecting the irradiation rate and hence the leaf temperature. 

Thermocouples of very small wire placed directly in the 
leaf present a practical solution to the problem. Fig. 7 illus- 
trates this application. A sufficient length of the wire must 
be contained within the leaf in order that conduction errors 
will be negligible. For wires of the size indicated the mini- 
mum length is 3/16in. As in the case of the orange, the 
points at which the wire enters the leaf should be sealed. 


The average thickness of the mature orange leaf is 240 
microns (0.008 in). Thermocouples of 40 gage wire (0.003 in 
diameter) may be readily inserted in these leaves. Fig. 8 
shows a photomicrograph of a section of a citrus leaf with 
the thermocouple in cross section. 

Fruit and vegetable processing studies are further examples 
of the use of the fine wire thermocouple. Fig. 9 shows dried 
prune samples in which thermocouples were threaded before 
processing. 
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AGRICULTURAL ENGINEERING for June 1949 


Practical Aspects of Controlled Drainage 
By R. E. Morris 


control of the ground-water level by regulation of the 


CE cant of te drainage in agriculture is essentially 
flow of water in the drainage system. It is used pri- 


‘marily in organic peat and muck soils. Extensive underdrain- 


age has always been required in these low-lying soils if crops 
were to be planted, cultivated, and harvested. It has been ob- 
served, however, that a drainage system of sufficient capacity 
to drain the fields adequately in the spring may rob crops of 
needed water later in the summer. Also, deep drainage has 
caused these soils to subside or to settle at a very rapid rate. 


As a result of these observations, it has become the prac- 
tice in some areas to drain these soils as completely as possible 
in the spring and in other wet periods during the growing sea- 
son and to retard the drainage in dry seasons. In addition to 
retarding the drainage by means of dams and flood gates some 
farmers are pumping water from wells or streams into 
the drainage system to further raise the field water table. 
This latter practice is actually subirrigation but is included 
here as a part of the practice of controlled drainage. 


Results of Controlled Drainage Experiments in Muck Soils. 
Since 1942, experiments have been conducted by Purdue Uni- 
versity agricultural experiment station and the U. S. Soil Con- 
servation service at Walkerton, Ind. to determine more exactly 
the benefits of controlled drainage. The crops under investiga- 
tion are mint, potatoes, onions, sweet corn, cabbage, celery, 
carrots, and red beets. Of these, mint, potatoes, and onions 
are raised most extensively on northern Indiana and lower 
Michigan muck farms at the present time. In so far as crop 
yields are concerned, those in charge of the experiment can 
make only a general statement at this time. The data indicate 
that a water table depth of at least 24in is required during 
the major part of the growing season if crop yields and qual- 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December, 1948, as 
a contribution of the Soil and Water Division. 


R. E. Morris is agricultural engineer, A. M. Todd Co. (Kalamazoo, 
Mich.), and was formerly supervisor of cooperative muck drainage ex- 
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Variation of water tables in two deeply drained plots following 
two heavy rains 
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ity are to be adequate. At water table depths less than 2 in 
yields and quality are greatly reduced. At water table de: ths 
greater than 24in small yield increases are sometimes i di- 
cated. Plots having their drainage systems designed so at 
deep drainage can be effected are more readily planted nd 
cultivated in wet periods. 

Subsidence data taken in conjunction with the above ex- 
periments indicate 0.4 ft of surface settling during a -yr 
period in two plots which have been drained to an ave: .ge 
depth of 40 in. Plots variously drained to average depth. of 
17 in through 30 in have subsided about 0.15 ft in the s. me 
3-yr period ’*, 

There are at least five main causes of subsidence, and all 
of them are made more important by increased drainage. The 
first cause is oxidation of the soil. As the water table is 
lowered, air penetrates the soil to greater depths, the organic 
material in the soil, which is its main body, is oxidized and 
consequently some of the soil solids go into the atmosphere as 
carbon dioxide. : 

A second cause of subsidence is the change in the effective 
unit weight of the soil as the water table is lowered. Soil 
located below the water table bears downward with a unit 
force equal to its buoyant unit weight. The buoyant unit 
weight is the actual unit weight of the soil less the unit weight 
of water. This same soil when located above the water table 
bears downward with its actual unit weight. This means that 
lowering the water table 2 ft will increase the pressure on 
the layer of soil at the new water surface by 125 lb per sq ft. 
When the highly compressible nature of peat and muck soils 
is considered, it can be seen that such an increase in compress- 
ing forces is an important cause of subsidence. Other factors 
are shrinkage caused by excessive dryness, wind erosion, and 
the compacting action of heavy machinery. During dry sea- 
sons large cracks occur in organic soils indicating relatively 
great shrinkage in the horizontal plane. It is logical to assume 
that shrinkage also occurs in the vertical direction. 

Dry unprotected muck fields “blow” very badly. Severe 
winds blowing across a one-half mile wide unprotected field 
will occasionally deposit soil drifts of more than 12 in in 
height beside a windbreak or in a ditch. 

Heavy machinery causes at least temporary and local soil 
compaction. Probably the soil rebounds from this action to 
the extent that machinery is not an important factor in caus- 
ing permanent surface subsidence. 

As a part of the muck experiments at Walkerton, sub- 
sidence surveys have been made on four commercial fields in 
northern Indiana. In general, subsidence in these fields has 
been in the order of 0.2 or 0.3 ft in a 3-yr period?. One : «ld 


* Superscript numbers refer to appended references. 
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section of 23 acres had an average subsidence of 0.7 ft with a 
maximum of 0.9 ft in one small area. 


It can readily be seen that subsidence control is itself a 
sufficient reason for water table control. Most muck deposits 
in lower Michigan and northern Indiana are not more than 
6 ft in thickness. In the light of the subsidence data quoted, 
it is apparent that conservation measures are required if this 
valuable soil is to be retained. 


nother reason for checking subsidence is the preservation 
of t xe drainage system. A system designed for a given eleva- 
tion of the land becomes less efficient as the land level drops. 
A te system placed at an average depth of 3.5 to 4.0 ft on 
pro; erty of the A. M. Todd Company some 25 yr ago is now 
less ‘han 24 in below the ground surface in most places. The 
sysi m is now being replaced in order that the field can be 
ade ately drained. New and deeper systems require deeper 
out! ‘s. In many cases, the outlet streams already have such 
flat rades that deepening is impossible and pumping plants 
are . quired. 


round Water Movement in Organic Soils. A meager 
am int of data is available concerning ground-water move- 
mer. in peat and muck soils. That which is presented here 
was gathered by the author while working on the afore- 
mer ioned Soil Conservation Service and the Purdue station 
pro-ct in Indiana. The project layout consists of eight 150-ft 
by -20-ft plots of about 34 acre each. Each plot is completely 
surr unded by an open ditch. The plots and their respective 
ditcnes are so arranged and control dams provided so that a 
different water level can be maintained in each plot. The ex- 
periment was designed to study the effect on crops and the soil 
of maintaining water table depths of 15, 30, and 45 in. Two 
plots are maintained at each of these levels, and the two re- 
maining plots are designated as variable plots. An attempt is 
made to furnish water according to the crop’s apparent needs on 
the latter two plots. A sump pump is used to drain the water 
from the deeper plots and the water thus removed is either 
diverted into the nearby county drain or is used in maintain- 
ing the level of the high water level plots. 

Fig. 1 shows the variation of the water table in two of the 
deeply drained plots during the two heavy rains which fol- 
lowed. In both plots, the rain of July 25 did not appreciably 
affect the water tables at the plot centers; the 0.5-in rain of 
July 28 likewise had little effect. Apparently these rains were 
taken up by the soil as capillary or hygroscopic moisture. The 
3.2-in rain of July 29, however, raised the center water table 
of plot 1 by 1.4 ft and the center water level of plot 8 by 1.7 
ft. It then required 21 days to drain the plot centers to their 
original level. This illustrates that the movement of water 
through these soils is rather slow. 

Fig. 2 shows another drainage experiment in one of the 
plots which had been tiled. Two lines of tile at a depth of 
2.5 ft were installed lengthways in the plots. The tile lines 
were 50 ft apart and each line is 50 ft from the border ditch. 
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Fig Change in water table levels at centers of two plots under high 
evaporation and transpiration 
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Observation wells were installed at 12.5-ft intervals on a line 
perpendicular to the tile lines and bisecting the plot. On 
November 5, the plot ditch water level and the ground-water 
level stood at 1.1 ft below the surface of the plot. On that day 
the ditch level was dropped below the tile flow line and the 
tile thus given free outlets. Readings were then taken to de- 
termine the shape of the drawdown curve as the water was 
drained from the soil. The water table at the midpoint be- 
tween the tile lines dropped 0.27 ft within 24hr. On the 
second day after the experiment was begun, rainfall of 4 in 
occurred which raised the water table about 0.3 ft. No appre- 
ciable rainfall occurred for the duration of the experiment, 
which ran until November 20. Fig. 2 is a cross section of the 
plot and the solid lines indicate the shape of the water table 
on successive days. It can be seen that rapid drainage oc- 
curred immediately over the tile lines while thirteen days were 
required to lower the water table 0.7 ft at the midpoint be- 
tween the tile lines. This small amount of data is not worthy 
of exhaustive analysis but is further evidence of the poor 
drainage characteristics of this soil. Along with the water 
table curves (Figs. 1 and 2), should be placed the pore space 
analysis (Table 1) made by the department of agronomy at 
Purdue University. (Pore space determinations were made 
under the direction of Dr. Helmut Kohnke of that depart- 
ment.) The percentage of large pores on a volume basis 
varied from 0.6 to 11.2 in the top 15in of soil. The large 
pore spaces are defined as those which will not hold water 
against the force of gravity. Therefore, if we assume an av- 
erage pore space value of 5 per cent, it would be sufficiently 
accurate to say that in order to lower the water table one 
foot, 14 in of water must be drained from the soil. 


In general, crops grown on muck soil will not be injured 
if the water table can be lowered to at least 6in below the 
surface within 24hr after saturation occurs. Assuming a 
completely saturated soil at the beginning of such a period 
and that the minimum drainage requirement has been met at 
the end of 24 hr, the water table curve at the end of the period 
could reasonably be expected to appear as shown by the dotted 
drawdown curve in Fig. 2. The area of cross section above 
this drawdown curve is approximately 50 sq ft per tile line 
and would therefore hold about 14 in of water. Therefore, 
in this tile installation it would be necessary to remove about 
4 in of water from the field in order to lower the water 
table 6in at the most poorly drained point. Obviously the 
amount of water which must be removed in order to obtain 
minimum drainage at the points midway between the laterals 
will vary with the depth and spacing of tile lines. The drain- 
age modulus for a field must be based upon the drawdown 
characteristics of the soil as well as rainfall data. The lateral 
placement will obviously affect the drainage modulus used 
since this spacing and depth will determine the amount of 
overdrainage which must be carried out if adequate over-all 
drainage is to be had. The drainage modulus will govern the 
design of the mains and submains only. 


The second phase of controlled drainage is the application 
of water to the fields through the drainage system. Fig. 3 
shows the movement of the water table at the respective cen- 
ters of two plots at the Walkerton Station under weather con- 
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Fig. 4 Movement of water table during irrigation through tile lines 
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282 AGRICULTURAL ENGINEERING for June 1949 
TABLE 1. PORE SPACE ANALYSIS 
Muck Samples from Experimental Drainage Plots Northern Indiana Muck Experiment Farm Walkerton, Ind., 1946 
™ Water Samples taken at 3 in depth Samples taken at 15 in depth 
a table (vol. pct. pores by sizes) Specific gravity, g per cc (vol. pct. pores by sizes) Specific gravity, g pe: cc 
5 depth, in Large Medium Small Total Large Medium Small Total 

1 40 8.2 4.7 57.2 70.0 1.28 6.3 735 67.2 91.0 1.89 
8 40 7.5 9.2 45.0 61.7 L227 11.2 5 70.4 84.8 1.44 
3 30 10.1 6.3 57.3 tant 1.39 a2 22 79.9 86.0 1.34 
6 30 7.8 8.6 47.8 64.2 1.25 3.9 1.4 Viet 83.0 1.32 
4 15 1.9 3.3 62.6 67.8 1.34 
5 15 0.6 ) 52.1 54.0 1.28 
2 24 3:5 9.5 46.3 59:3 1.31 11.2 11.2 63.7 86.1 1.29 
7 24 No samples taken 


ditions conducive to a high rate of evaporation and transpira- 
tion in June and July of 1945. A 2.2-in rain on June 28 
raised the center water level of both plots to a depth of 0.85 
ft. In plot 4 the ditch level was then dropped from 0.9 ft to 
1.7 ft and held at that level for four days. Because of the 
dry atmospheric conditions in the days following the rain, the 
center level dropped to 1.2 ft within four days and continued 
to fall to a depth of 2.1 ft at the end of eight days, even 
though the ditch level was steadily raised to a depth of 0.8 ft. 
By holding the ditch water level at an average depth of 1.0 ft, 
an average of 1.9 ft was maintained at the center until rains 
occurred. Plot 5 followed a similar pattern. 


Fig. 4 shows the movement of the water table as water 
is applied to the plot through the tile lines in the same trans- 
verse section shown in Fig. 2. The ditch level was raised from 
a depth of 2.3 ft to a depth of 1.2 ft and maintained at that 
level for fourteen days. Twelve days were required to raise 
the water level 1.0 ft at the point midway between the tile 
lines. This illustrates the whiten faced by farmers who wish 
to subirrigate in this manner. Unless extremely close tile spac- 
ing is employed, it is very difficult to apply water quickly to 
a field without completely waterlogging the soil immediately 
over the tile lines. It especially demonstrates the impracticality 
of attempting to control wind erosion by water table regula- 
tion. Crops would be damaged if the permanent water table 
were held high enough to wet the soil sufficiently to stop wind 
erosion. A water table held low enough to prevent damage 
to crops could hardly be raised fast enough to give protection 
without accurate seven to ten-day forecasting. Cover crops 
afford a better means of wind erosion control than controlled 
drainage. 

One factor which must always be considered in the design 
of a controlled drainage system is that of water requirement. 
No provisions for measuring the amount of water supplied 
were made in the above cases. However, certain estimates can 
be made from the pumping station records. In the 1945 ex- 
periments, if due allowance is made for water used by other 
plots, overflow, and seepage losses, it would probably be con- 
servative to estimate that one inch of water per day was being 
furnished to the plots during the period of greatest evapora- 
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Fig. 5 Typical layout for a controlled drainage system 


tion and transpiration loss. This means that as much as - 000 
gpm might have to be furnished to a 100-acre field du ing 
certain periods of the growing season. As stated earlier, av- 
erage water tables as high as those maintained in 1945 are 
considered to be high for good plant growth, but they indi ate 
that maintaining even a 24-in water table may require con- 
siderable water. 


Controlled Drainage Practice. A typical layout for a con- 
trolled drainage system is shown in Fig. 5. The tiling system 
is designed for good gravity drainage and for holding a rela- 
tively high water table when it is required. The line AE is 
the main line, and the branching lines are the laterals. The 
contour interval is one foot. Water level control structures 
are placed in the main line at elevation intervals of one foot. 
The water level can then be maintained at any desired depth 
upstream from a given control structure. If an average water 
table depth of 24 in is desired, the level just above the con- 
trol structure would need to be at 18 in, assuming a uniform 
ground slope, and the depth just below the next structure up- 
stream would be 30 in. If this level were being maintained in 
the section of the main designated as BMC, the depth at M 
would be somewhat less than 24in. The depth of N on the 
lateral MN would then be 36 in. It is evident that a system 
designed for optimum gravity drainage is not the best system 
for controlled drainage. For the latter, laterals laid more nearly 
parallel to the contour lines would function better. However, 
it would not then be possible to have uniform tile depths and 
maintain an acceptable drainage grade. In the system shown, 
if a more uniform depth of water table were essential, control 
dams would have to be placed in the laterals. It is not com- 
mon practice to attempt to control the water level to this 
extent. 


Water for such a system would come in part from the 
field ground water. In dry periods, additional water woul! be 
required, and a source located near the higher end of the ‘eld 
would be ideal. If wells were to be used, they shoul: be 
located near the upstream end of the tile line. Water ‘rom 
streams is often used. Usually a dam must be placed ir the 
stream and the water level built up enough to flow int. the 
upstream end of the system. In other cases, backwater ‘°om 
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Fig. 6 Water level control structure in tile line 
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the reservoir can be diverted through ditches to a point where 
it can be pumped conveniently into the system. Cases can be 
cited in which pumps were located at each control structure 
with the main source of water at the outlet end of the system. 
However, this is not a very satisfactory way of carrying out 
the work. 


Control Structures. The control structures mentioned in the 
system just described are of simple construction and resemble 
the one shown in Fig. 6. It is merely a catch basin constructed 
of wood, steel, or concrete with slides for gate boards in the 
center section. 

ams for ditch level control may be of many types. The 
one shown in Fig. 7 is of a type well adapted to the unstable 


sub: il conditions often encountered in muck regions. It con- 
sist) of a culvert pipe or pipes laid through an earth dam in 
the \itch or stream. The total capacity of the culverts with all 
gates open should equal that of the ditch flowing full. A 


con'ol box of steel or wood is placed on the upstream end 
of the culvert tube, and a flood gate is fastened to the down- 
strcam end. The box is open on the upstream side and slots 
or tracks are provided for gate boards, thus allowing for ad- 
just nent of the water level. The flood gate is required where 
there is danger of flooding from backwater or when the ditch 
is being pumped for drainage. The automatic type of flood 
gate is preferable. Retaining walls for the dam faces and 
banss may be constructed of steel or wood sheet piling. Mono- 
lithic concrete might be used. However, since sheet piling 
cutoifs and timber pile supports would probably be required, 
it seems best to use driven sheeting for the superstructure as 
well as the footings. Adequate bank protection is especially 
important where pumps are being used. The high velocities 
and excessive turbulence caused by pumps in the discharge 
bay will rapidly undercut any unprotected banks. Also, a 
floor of heavy rubble may be necessary in the discharge bay 
to prevent erosion on the bay bottom and subsequent deposits 
downstream from the dam. 


The pump installation shown in Fig. 7 is typical of those 
used in raising water over earth dams or levees. The pumps 
used are generally of the axial flow (propeller) type which 
have high capacity at low heads. In this work, static heads of 
from 4 to 6 ft are usually encountered. Such pumps require 
no priming, are simply constructed, will handle muddy water 
and a certain amount of trash without damage to the pump, 
and are economical in terms of operation and maintenance. 
Stationary industrial gasoline engines are generally used for 
power with a multi-V-belt power transmission system. Farm 
tractors are sometimes used with flat belt drives. 

The pump shown can be installed to pump from the down- 
stream to the upstream side of the dam when irrigation water 
is required. 


SUMMARY 


Complete drainage systems such as the one described in 
the example involve high first costs. A system similar to this 
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Fig. 7 One type of dam for water level control in ditches 
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installed in 80 acres of muck on a Van Buren County, Mich- 
igan, farm cost approximately $11,000 exclusive of pumps and 
outlet or water supply development. The main tile line is one- 
half mile in length and there are 40,000 ft of laterals placed 
at a depth of 4.5 ft and spaced at 80 ft. 


The advantages of a drainage system as such are well 
known to engineers and farmers. The advantages of the sub- 
irrigation phase of controlled drainage are as follows: 


1 Some water can be supplied through any existing grav- 
ity drainage system without modifying that system except to 
add control structures and to obtain a source of water. 

2 Supplemental irrigation can be carried on without 
hindering other field work. 

3 Labor and maintenance costs are very low. 


The disadvantages of supplemental irrigation through the 
drainage system are as follows: 

1 High first costs are involved in installing a drainage 
system which would give really satisfactory uniform irrigation 


to the field. 


2 Very large amounts of water are required as compared 
to sprinkler irrigation. 

3 Organic soils produce best when in a slightly acid con- 
dition. Many muck fields are underlain with marl and con- 
tinued upward movement of water through these lime deposits 
may raise the field pH to the alkaline side. 


4 If heavy rains occur while the water table is being held 
at a high level, fields become muddy and generally unsatis- 
factory working conditions may prevail. 
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Discussion by David H. Harker 


MEMBER A.S.A.E. 


HE principal purpose of controlled drainage, of course, 

is to provide a means by which free water in the soil 
can not only be drained out, but also held at certain specific 
levels through the drier months when the water table 
would otherwise drop to depths injurious to crops. What the 
specific optimum depths should be for various crops is not a 
matter for discussion in this writing. I have found that differ- 
ent growers have different specifications for the depths of 
water table for various kinds of crops. It is important, of 
course, to know what crops are to be grown and what depths 
of control are therefore desirable in each particular drainage 
case. This can best be determined by a discussion of the mat- 
ter with the grower himself, using information from the muck 
crops department in the state university. 

Controlled drainage began on muck land and is most likely 
to continue there for a few years, but eventually it is certain 
that control will be applied to upland drainage projects. It is 
only a matter of a few short years until all important artificial 
drainage will be controlled drainage. It should be now. It 
should have been long ago. It is a mistake to take free water 
out of the soil without some provision for coping with peren- 
nial midsummer drought conditions. Muck crop farms are 
simply the guinea pigs upon which the controlled drainage 
operations are being performed and perfected. 

This paper will be directed particularly at the general 
principles of controlled drainage. First of all, it is important, 
because of the delicate grading and control necessary, .o run 


all drainage lines with the slope as nearly as possible and 


Davin H. HarKeER is secretary-engineer, Indiana Drainage Assn., 
and at the time of presenting this discussion was chief engineer, Indiana 
Flood Control Commission. 
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against the slope only when absolutely necessary. It is fre- 
quently necessary to rearrange existing open ditch outlets for 
the best drainage and control. This means not only straight- 
ening crooked marsh runs, but it means also the relocation 
of open ditches sometimes in order that the water flowing 
past the farms may be more easily conducted into the upper 
ends of mains for the purpose of bolstering the water table 
during the dry months. 

Gravity drainage in the open ditches is of course a great 
advantage economically, and it should be sought as far as is 
practical. However, if the condition of outlet downstream 
from the case in point is such that it is doubtful that gravity 
drainage can be maintained to sufficient depth to provide 
outlet for the drainage and the control desired, it will then 
be necessary to deepen the system of open ditches through 
the farm in question and to provide a dam at the lower end 
of the farm, over which the water can be pumped when drain- 
age is the need. It is often possible to arrange this dam so 
that in dry times pumping can be reversed and water can 
thus be returned to the open ditches on the farm and finally 
to the tile lines. 

In so far as the tile ditches of a controlled system are con- 
cerned, it is most important first of all that the tile be ade- 
quate for drainage purposes. In case very delicate control is 
desired, it is necessary to plan the system with tile sizes and 
grades sufficient to remove the water from the land at the rate 
of not less than % in in 24 hr and preferably at the rate of 
¥4 in in 24hr or even more. Controlled drainage, while it is 
more detailed, can be responsible for keeping water in the 
soil and removing it too slowly in case of sudden storm, if all 
tile lines are not ample in capacity. 

If mains are to be used for delivering water for overhead 
irrigation, it is very likely that even larger diameter tile will 
be required. Then the controlling factor is not how much 
rainfall it will be necessary to remove from the land, but what 
quantities of water will be required for irrigation. 


REROUTING NATURAL DRAINAGE SYSTEMS 


As was suggested earlier in this discussion, it is advan- 
tageous sometimes to reroute the natural drainage streams 
serving the muck land in question in order to place them 
where they may, while serving as outlets, also deliver water 
to the upper ends of tile drainage systems. This is usually 
possible in part, but it is most often impractical, and often 
impossible, to supply water to all parts of the tile drainage 
system by this method. It then becomes desirable to drill 
wells at the head ends of some of the tile lines in order to 
provide “make-up” water for the drainage system. This has 
been done in a number of cases. It is not as expensive as it 
sounds for the reason that there are only brief periods in the 
normal year when addition of water from wells will be re- 
quired, and it is surprising how little water may be needed to 
keep the water table up, especially if the rainfall throughout 
the season is about normal. 

The laterals in a tile drainage system for control are no 
less important than the tile mains or the open ditches. Laterals 
should not be less than 5-in tile and they should be spaced in 
most cases about 50 ft apart. In one instance, we spaced 
laterals 25 ft apart and they were all 6-in tile, with great 
success, of course, but at considerable cost. The owner has 
since indicated that the 6-in tile were larger than necessary 
and that a 50-ft spacing probably would do the job well 
enough. The point about closer spacing is simply that, where 
great uniformity of water table is desired, closer spacing will 
be needed to get the job done to the best advantage. 

As regards grades for laterals, they should be no flatter 
than necessary because the water table will be maintained 
above the grade, regardless of it. It is just as important to 
have non-silting grades. in these tile laterals as elsewhere. In 
general, the grades should fit the land slopes as nearly as 
possible, but I would lay no 5-in tile on a grade flatter than 
lin in 100 ft, and I would much prefer 114 to 2 in. 

The controlling factor in regard to the amount of fall 
would be, of course, the uniformity of the depth of tile de- 
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sired. It is good policy never to grade any laterals shallovy 
than 42in, even in uplands. I have recently talked t a 
number of drainage people who indicate that they are enc: ar- 
aging 48-in depth of drainage in all cases. It is importan to 
have depth of drainage to create the proper root zone for cr: ps, 
Muck crops do not require as deep a root zone but, rat er, 
require moisture at the roots at higher elevation than o er 
crops. However, many muck farmers now are growing « )rn 
as an alternate crop on occasions, and for the best corn ro- 
duction, a 42 to 48-in root zone is imperative. Furtherm re, 
there is no point in laying a tile shallower, except to save ost 
of trenching and allow shallower structures, because the w ter 
table can be held high by control in a system built dee; as 
well as in one built shallow. And, finally, depth of drai: ige 
is important on muck lands because mucks are known to = ub- 
side rapidly and seriously, which, if the tile system is pl ced 
at shallow depths to begin with, leaves the tile much too 
shallow after subsidence. 

We make it a practice to place 4 or Sin of loose st-aw 
over all tile before backfilling. This forms a compact straw 
mat over the tile joints, providing easy access for ground 
water. In some cases where it is desirable to get sur‘ace 
water down to the tile quickly, we place pervious backfil! at 
intervals — such material as cinders, gravel, or even corn cobs. 


ADEQUATE STRUCTURES MUST BE PROVIDED 


Finally, a controlled drainage system is without control 
unless adequate structures are provided. In the open ditches 
this means dams, for impounding water sometimes and at 
other times for serving as a bulkhead against water which 
must be pumped out of the land. Ordinarily, the fill mate- 
rial which can be obtained close by in a muck area is not 
suitable for an earth dam. It is necessary, therefore, either 
to bring in clay from some distance or to use some other kind 
of material. Corrugated sheet steel driven to a depth of 6 to 
10 ft is used in many places. Concrete structures are used, but 
in deep muck must be placed on piles because the weight of 
the structure will otherwise cause settling. All dams must be 
provided with adequate outlet facilities in order to insure that 
overtopping will not result and cause failure. Dams must also 
be equipped with whatever pumps are necessary to introduce 
water into the system or eject it therefrom. 

If streams are rerouted to bring water to the upper ends 
of drainage systems, intake bays will be needed. Usually the 
water can be flowed in by gravity, and should be wherever 
possible, to avoid the cost of pumping. 

Probably the most important structures are the stop wells 
placed in the tile lines. These are box structures made of : on- 
crete or steel in which provision is made, by means of /-in 
channel iron, to drop in stop logs for damming up the w ‘ter 
above. We have built “through” stop wells which have sin ply 
the incoming main and the outgoing main with a stop 
section between to create the desired differential in w ter 
levels. T stop wells have a submain coming in from the ide 
with provision for separate stop-log control in case it is Je- 
sirable. Often the stop well is a “cross” stop well, w ich 
provides for the outlet and three incoming lines with set of 
stop logs which make it possible to maintain the water | els 
on the incoming main and the two incoming submains, a at 
different levels if desirable. 

There are innovations annually in this matter of contr. ed 
drainage. Actually, we have not given the subject serious od 
widespread study and use until in recent years. The dev: »p- 
ments in the controlled drainage field are being intensified, 1d 
the controlled drainage farmer is becoming a producer a’ | 4 
business man in the full sense of those terms. 


A CORRECTION 


N THE title of the lead article in AGRICULTURAL E  GI- 
NEERING for May, 1949 (vol. 30, no. 5, page 223), he 
word “loading”, instead of “Unloading”, was erroneo sly 
used. Title should have read: “Results of Tests on Mechar «al 
Unloading Devices for Chopped Forages.” 


covet 


publ: 
tions 

Ir 
on ac 
impo 
have 


pie ae ne — eh i nt pore SO ete PE eit S aon Singh 
ney een ca PSA. ress” oe ie yer a Saar ee Bee =: 
ices ry Beg Pe 8: See Lean: : \ iy se 
Nghia as 2 read sige WBA ary a ee Se atest ws = ee rea = Weeauagpen 
ee a es en ae en + ae ayes. - Pee oh i eee {eee atte: 
ee 
eS 
oe % i 
= _ Ps | 
oe q AGRIC 
ome ee 7 
ae : 
oy 
as an. na 
ns fe Wices 
Ne far: 
Sea 
teat, row 
oUiaae Ne. = 
ee: } 
oe whee! 
| type 
ae ea Th : 
ae trat 
ee equ + 
Shans : ally : 
Bet ee dor 
ues % 
ae : The 
al SaaS a 
Wi Wiss 
alle 
bie 
(2 eae i 
are 
: : 5 ae 6 
EAs — 
<a I 
a See ee) — 
7 ae 
stam 
a 
abet select 
ce ie abov 
oa the ; 
ee try t 
ae hoa 
ea load 
Beg yas weig 
rege S . dife. 
Paes: 
een C 
Ae direc 
own life | 
pic BS) 3; 
Fite ae 
es) pla bear: 
ee: 10 p 
ee per « 
Rie edd i 
Mera peri 
sere Bg : app! 
eee som 
ee =e and 
eg ea ’ “ 
oe live 
eee ee 
me ] acc: 
co Pe | dire 
an i : ’ Soc 
ae | con 
te } ( 
rah uate 
i: es 
abet 
GATES Ss 
i Va ee 
Si ta EET aR tae ie iiemireg h/t ae go Nee z Bo a Se 7 ae Uae aS 
Bi vy Saas RS a, <a se “ht ee ee te ame, EES eet 4, oo ae “ain ire 
Bean ei SL Se ee ae sty 0 eae ” PN, aad os Te ar 
Dp he peeN Es s eee Sea ey af Pl aes te = x 
eee 9, ere Ea Sea, Nan a pa Aa i a ae. eae . Roe a a 


p & 


AGRICULTURAL ENGINEERING for June 1949 


285 


Tapered Roller Bearing Practice in Current 
Farm Machinery Applications 


By George W. Curtis 


MEMBER A.S.A.E. 


“4MHE changing requirements of field service during the 
past three decades with respect to loads, speeds, hours 
of life, and year-round availability has resulted in the 

wic: spread adoption of anti-friction bearings in all types of 
farr: machinery. Some farm machines, such as the plow, har- 
row and reaper, originated before the anti-friction bearing. 
Ne: ertheless the practice of using anti-friction bearings in the 
whecls of the plow has become as general as in the newer 
type. of machinery, such as rotary tillers, disk plows, hay 
rak:. forage harvesters, combines, corn pickers, and the like. 
Th: cfore, it is the purpose of this paper to discuss and illus- 
trat. particularly the use of tapered roller bearings in such 
equipment. 

he adoption of good anti-friction bearing practice gener- 
ally results in longer life, lighter weights, higher speeds, free- 
dom from lubrication troubles, and lower maintenance costs. 
The important rules of good practice may be stated briefly as: 


Determination of applied loads 
Determination of required life 
Selection of correct type and size of bearing 
Determination of proper lubrication 
Determination of adequate seals 

6 Careful handling of parts, before and during assembly 
Design of practical applications. 


The general rules of good bearing practice are generally 
covered by the various anti-friction bearing companies in their 
published handbooks or journals, and with very few excep- 
tions need not be repeated here in detail. 

In a paper of this length it seems most important to dwell 
on actual practice as followed in current use. A few especially 
important phases of the rules of good practice which should 
have special emphasis are as follows: 

1 AND 2 DETERMINATION OF APPLIED LOADS AND LIFE 

Today’s economics require that we make a rather close 
selection of the bearings, and we think the first two of the 
above rules of good practice may be covered together. Where 
the average load is materially lower than the maximum, we 
try to obtain information regarding the amount of time the 
average load is effective and the amount of time the maximum 
load is effective and select bearing sizes which provide a total 
weighted bearing life as required by the total over-all machine 
life. A formula for this purpose is shown as Fig. 1. 

Catalog ratings of different makes of bearings cannot be 
directly compared until the ratings are converted to a common 
life basis. 

_ For example, tapered roller bearings are rated on the basis 
of 3.000 hr B-10 life. That is to say, out of a large group of 
bearings operating under specific loads and speeds, not over 
10 per cent of them will fail before 3,000 hr of service. Ninety 
per cent will be satisfactory for operation beyond the 3,000 hr 
period. The life of the average bearing in the group will be 
approximately five times 3,000, or 15,000 hr. The ratings of 
some types of bearings are published on the average life basis 
and the calculated life in these instances should be divided by 
five tor a direct life comparison with those of B-10 rating, 
according to our experience. 

_ \nother variable must also be taken into consideration for 
dire.’ comparisons. The ratings of bearings as published range 


1S paper was presented at the winter meeting of the American 
of Agricultural Engineers at Chicago, IIl., December, 1948, as a 
cont: »ution of the Power and Machinery Division. 


ORGE W. Curtis, is manager, Milwaukee Division, Timken Roller 
Bea’ g Co., 715 N. Van Buren St., Milwaukee 2, Wis. 


for lives of 500 to 5,000 hr. Published data book life factors 
may be used for direct comparisons. For instance, a tapered 
bearing having ratings based on a life factor of 1.0 to obtain 
3,000 hr of B-10 life have a life factor of 0.583 for 500 hr of 
B-10 life. Therefore, by dividing the published 3,000-hr rating 
by 0.583, a 500-hr B-10 rating would be obtained for com- 
parison with those bearings which have published ratings on 
the 500-hr B-10 basis. Therefore, this 500-hr B-10 rating may 
be directly compared with that of other types of bearings 
having ratings established on the 2,500-hr life basis. 


3 SELECTION OF SUITABLE BEARING 

A selection of the proper size bearings for farm machinery 
is concerned with obtaining adequate bearing capacity for the 
desired life and effective operating speed and load conditions. 
Tapered roller bearings are made with the so-called standard 
taper for normal radial load conditions and with several de- 
grees of steeper taper for high axial or thrust-load conditions. 
Therefore, we select that combination of radial and thrust 
capacity best suited for the particular conditions involved. We 
have what is known as a “K” factor which shows the relation 
of the radial rating of a bearing to the thrust rating. Thus a 
bearing which has a radial rating 50 per cent higher than its 
thrust rating will have a K factor of 1.5. A steeper angle 
bearing with a higher thrust rating will have a lower K factor 
in proportion to its radial and thrust ratings approaching 1, 
and in some cases less than 1. Thus the use of the K factor 
is most important in determining the proper bearing for an 
application which has a combined radial and thrust load. We 
therefore provide an equivalent load formula to be used in the 
selection of the proper type and size bearing and this may be 
obtained from our published data book. 

{ DETERMINATION OF PROPER LUBRICATION 

The majority of tapered roller bearing applications, ac- 
cording to our experience, requires some means of replenish- 
ing and replacing the lubricant. The relubrication period 
depends entirely upon the prevailing operating conditions, 
such as loads, speeds, hours of service requirement, amount of 
lubricant contamination, and size of lubricant reservoir. Wheel 
applications are typical instances where grease lubrication has 
been satisfactory and where relubrication is provided in some 
form or other, comparable to an automobile front wheel and 
for which inspection and relubrication are recommended at 
regular intervals. Farm machinery wheels used under fairly 
clean conditions, such as haying equipment, where the imple- 
ment runs over a mat of grass or vegetation do not need as 
frequent replacement of the lubricant, as wheels used in rice 
field applications running in mud and water. But in our experi- 
ence at sometime or other some means should be provided for 
relubricating the bearings to insure maximum service there- 
from. Many types of farm machinery applications are, how- 
ever, currently designed with enclosed-unit, running-in-oil 
constructions comparable to the transmission and rear axle 
of an automobile. Fluid lubrication in such designs may be 
provided for upwards of a full season’s operation without 
replacement. This method of enclosing and lubricating bear- 
ings, gears, etc., has been increasing in farm machinery for 
over two decades with outstanding success and has contributed 
greatly to the elimination of daily maintenance labor which 
formerly was connected with the operation of farm machinery. 
This reduction of daily maintenance labor is without doubt 
one of the most impertant advances the industry has made 
and will continue until the operator can take his tractor or 
corn picker out of the shed and go to work, just as he does 
with his automobile. This may prove to be one of the greatest 
advantages of anti-fricticn bearings. 
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5 DETERMINATION OF ADEQUATE SEAL 


We believe it advisable generally to consult the seal sup- 
pliers about sealing problems. A few general rules, however, 
may be useful. From the operator’s point of view no doubt it 
would be advisable to provide a type of seal which would 
eliminate all maintenance on bearings for the life of the equip- 
ment, but in most cases this has not been possible. I¢ must be 
recognized, however, that in many applications the type of seal 
used will determine the frequency of relubrication, the type of 
lubrication required, and to a large extent the life and degree 
of satisfactory service of the bearing. For any piece of ma- 
chinery which works in loose dirt, such as tractors, disk har- 


oth 


Fig. 2. Transmission and differential of an 18-hp tractor 


rows, tillage tools, and the like, the best type of dirt seal 
obtainable should be used. A farmer is no more enthusiastic 
about absorbing the costs of replacing expensive parts than 
other users of machinery where such expense can be prevented. 
The truck roller application of a track-type tractor provides an 
illustration where a great deal of progress has been made in 
recent years toward improving bearing life by the use of 
improved seals and where as a matter of fact it has become 
imperative to use the most suitable seal. In other types of 
service where bearings operate under cleaner conditions, on 
such machines as combines and balers operating generally over 
fields covered with a mat of grass or straw, experience indi- 
cates a more simplified type of seal may be satisfactory. An 
effort will be made in this paper to point out the seals 
regarded as suitable for the particular conditions involved. 


6 CAREFUL HANDLING OF BEARINGS 
Too much emphasis cannot be placed upon the importance 
of cleanliness, careful handling, assembling, and lubricating 
anti-friction bearings. They are manufactured with great care 
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Fig. 4. A track-type tractor track roller bearing application 


Fig. 3 Rear axle of 18-hp tractor shown 
in Fig. 2 


and precision, and every precaution should be taken to install 
them with the same degree of care as is used in their manu- 
facture. Practices of interdepartmental transportation of 
loosely packed preassembled shaft units in uncovered con- 
tainers having exposed bearings, of driving bearings on shafts 
with hammers, of leaving bins full of bearings uncovered and 
the like are regarded as very bad. For upwards of a half 
century we have trained a staff of expert installation engineers 
for periodic customer plant visits. The primary duty of these 
installation experts is to promote the use of suitable protective 
devices, holding racks, bearing containers, pressing fixtures 
and the like, and we hope this service has greatly aided the 
general trend toward improved bearing practices. It behooves 
all of us to exert all our influence continuously toward this end. 
Farm machines of the forage harvester, combine, hay baler, 
and corn picker types, are apt to have a multiplicity of bearing 
applications and subunit assemblies of a similar style and type, 
thus making undesirable and repetitive a treatment of an 
entire complement of bearings of any one particular typ: of 
machine in a paper of this length. Rather, I believe it was 
the program committee’s desire to have this paper cover the 
principles of the application of tapered roller bearings to \ ari 
ous special shafts and units to bring out the importanc 
various contributing elements, such as lubrication, sealing « 
vices, adjusting devices, machining requirements, and the ''k 


Fig. 5 Mounting of bearings and type of seal used in a disk ha: ow 
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Fig. 6 A concave rolling jointer 


7 DESIGN OF PRACTICAL APPLICATIONS 


The preferences of particular engineer- 
ing and production facilities generally are 
most influential in the determination of 

what each particular organization regards 
as the most practical and desirable bear- 
j ing application designs. The precise details 
of such designs vary widely in different 
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Fig. 8 Section through thrust block of a 
one-way disk plow 
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Fig. 9 Application in hanger bearing of 
one-way disk plow 


organizations. All, however, place a high of time the bearing may be operated under 
| value on lowest possible parts costs, tool- Fig. 7 Mounting of wheel bearings any one particular load condition. This 
: ing costs, machining costs, ease of assem- in a one-way disk plow formula is used, for instance, to calculate 
; bly and disassembly. The importance of life of bearings in a tractor where the trac- 
this phase of bearing application work cannot be overstated tor may operate in a number of speeds and wherein each speed 


; and may be judged by the fact that several of my office’s latest 
proposals have within the past month been the subject of 
careful time-cost studies by expert time study men. In such 
organizations new bearing proposals do not get into pro- 
duction unless they compare favorably with old designs. Wide 
knowledge of what is most practical and satisfactory in bear- 
ing applications must come from a study of actual practice. 

I am indeed fortunate, therefore, in having the specific per- 
mission of more than two dozen different farm machinery 
plants to review many of their most successful current appli- 
cations of bearings in such machines as tractors, tillage tools, 
grain drill equipment, cultivating equipment, hay machinery, 
grain and corn machinery bearing applications. An effort will 
<. be made to point out what is believed to be most interesting 

about the designs from the standpoint of the engineering and 
production features. 

The formula (Fig. 1) is used for calculating the weighted 
B-10 bearing life in hours where it is desired to select the bear- 
ings for the life of the machine, rather than for the amount 
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Fig. 10 Mounting construction used in one-way disk plow 
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creates different loads on the bearings. Some tractors have as 
many as six speeds, and it is only by an accurate weighted- 
bearing life calculation that a definite machine life value may 
be obtained for tapered roller bearings. This phase of selecting 
bearings for tractors was fully treated in a paper presented at 
the SAE national tractor meeting in September, 1943, at Mil- 
waukee, Wisconsin, by John Borland, and his paper may be 
obtained from SAE or from my company. The constant 3,000 
is used where a life factor of 1 obtains 3000 hr of B-10 life. 
The T,, T, values are the percentage of time for each load 
condition and the expression (L.F.)*-8* represents the life 
factor to the 3.33 power. The sum of the T,, T, percentage 
values must equal 100 per cent. 


Tractors. In Fig. 2 is shown a cross section through a 
transmission and differential of an 18-hp tractor. The notable 


Fig. 41 Disk plow spindle with disk mounted on its own bearings 
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Fig. 12 Application of tapered bearings in a 
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grain drill wheel 4} th ae 
| BN N 
Fig. 13 Bearings application in a Baws 
ee = disk furrow opener eee 
features of this design are the fixed or non- os 


adjustable setting of the spiral bevel pinion 
and gear, the provision for lubricating the bearings, and the 
rigid construction which reduces shaft deflections to a mini- Vi 
mum. I believe this design pioneered the use of the heavy- J 
type snap ring as a means 
of locating and absorbing the | Fig. 14 Tapered bearing applications in a rotating tiller 
thrust from the bevel pinion 
bearing, and that after 11 or 
12 years’ production no ques- 
tion has ever been raised on 
this feature. The snap ring 
design simplifies the machining 
and tooling operation. You who 
have been part of the farm ma- 
chinery industry for years may 
not realize how precision work 
has been creeping into the pro- 
duction of farm machinery. The 
fixed bevel pinion setting in this 
design is a case in point. The 
location of the snap ring groove 
used for locating the pinion 
bearing is held to very close 
tolerances with relation to the 
differential cross bore. The 
pinion shoulder stand and bear- 
ing width are also held to pre- 
cision limits so that no cutting 
and trying methods are neces- 
sary. The installation is made 
once and must provide proper 
contact of the spiral bevel gear 
teeth. There are fourteen differ- 
ent tractor models being built 
in high production with this 
type of precision manufactur- 
ing standards. During a tour 
which I made several months 
ago particularly to investigate 
the reaction of the various shop 
organizations to this new type 
of precision manufacturing re- 
quirement, I did not find a 
single plant reporting difficulty. 
Fig. 3 shows the rear axle Fig. 16 Bearings in wheels of a 
of the same 18-hp tractor. Bull tractor mower * Fig. 17 Cylinder shaft of a forage harvester 


cultivator 


Fig. 15 The drive and pitman shaft of a tractor-powered mow: 
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18 Crankshaft of an automatic hay baler Fig. 19 Bearings application in a hay rake gearbox 


Bearing application in a self-propelled combine transmission 


Fig. 20 Tapered roller bearings in hay 
rake wheels 


gear performance has been greatly improved by means of the 
tapered-bearing straddle mounting of the bull pinion. The 
elimination of deflection in the shafts supporting the bull 
pinion and gear is a most important factor in obtaining satis- 
factory gear service with comparatively narrow and low cost 
gears. The one-shot-per-season principle of lubricating these 
tractor units is, I believe, taken for granted, but you will 
notice many similarly lubricated units used in the implements 
illustrated in this paper which feature has come into imple- 
ment designs very recently. 

A very important development in tapered roller bearing 
truck roller applications is shown in Fig. 4. In track-type 
tractor truck roller applications, the effectiveness of the sealing 
and lubricating means in excluding dirt, mud, and water from 
the bearings is unanimously recognized as the measure of the 
success of the track roller bearing. It can be said that a suit- 
able seal prevents contamination of the lubricant and that the 
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Fig. 23 Center portion of propelling axle of self-propelled combine 
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Fig. 27 


Wheel design for pull-type 
combine 


lubricant preserves the 
life and prevents wear 
of the sealing elements 
so that each is depend- 
ent upon the other. The 
attitude in this industry 
regarding the providing 
of an adequate seal has 
changed from one 
wherein the fear of im- 
posing prohibitive ini- 
tial costs has currently 
been supplanted by a 
belief that the operating 
economics definitely re- 
quire an effective seal 
regardless of its initial 
cost. This type of de- 
sign has now been in 
service for upwards of 
10 to 12 years with out- 
standing success. Cer- 


Fig. 28 Main drive design for pull-type combine 


Fig. 25 Bearing application in single-reduction propelling axle c 
self-propelled combine 


tain features of this seal 

design are the develop- 

ment and property of 

one particular farm ma- 

chinery company and 

permission has been ob- 

tained to exhibit the 

design primarily to il- 

lustrate the principle 

and emphasize the im- 

portance of using a type 

of seal as required to 

obtain an end result 

equitable to the cost 

and importance of the 

equipment involved. I 

am sure events will 

prove that this industry 

cannot afford to use 

any less effective type 

of seal in truck roller 

applications. By the 

same token I expect 

that events will surely 
point out in other dirt- 
exposed bearing appli- 
cations, as, for example, 

disk harrows, disk fur- Fig. 26 Wheel design for pull-type 
row openers, disk plows, combine 

one-way plows, and the 

like, where the greatest utility and final economy will be best 
served by the adoption of fully satisfactory means of sealing 
and lubricating. 


Tillage Tools. Fig. 5 shows the mounting of bearings and 
the type seal used in a disk harrow. This seal is similar to the 
type used in the foregoing truck roller of the track layer 
tractor. Originally this design had low-cost seals and high- 
cost bearings, but the design did not provide satisfactory pro- 
tection against dirt. This current design seal now in the 
seventh or eighth year of use in this disk harrow has reduced 
the over-all initial unit cost by allowing the use of lower «ost 
high production bearings. Furthermore, the bearing life ‘1as 


Bearing application in combine sickle drive 
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Tig. 30 Main drive design for corn picker 


Fig. 32 Cross section of hammer mill cylinder shaft 


been greatly increased. The over-all costs of the design are, 
of course, favorably affected by reason of the need for only 
two seals and two bearings per gang. Relubrication periods 
are lengthened by the large lubricant capacity. 


Fig. 6 shows a concave rolling jointer, as used on mold- 
board plows in place of two parts, the coulter and the jointer. 
It is reported to reduce the side load on the plow heel plate, 
and also the draft. The combined thrust and radial load 
characteristics seem to indicate the tapered bearing a good 
choice. A good dirt seal and adequate lubrication are required. 

A mounting of bearings in the wheels of the one-way type 
of disk plow is shown in Fig. 7. The bearings in this design 
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Fig. 33 Alternate application to design shown in Fig. 32 
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Fig. 31 


Design for corn picker snapping-unit drive 


have been spaced much closer than in older designs because 
tapered roller bearings will allow the closer spacing and short- 
er and lighter wheel hubs. The success of the bearing is of 
course dependent on the use of a good lubricant and a good 
seal to protect the bearings from the lapping action of dirt, 
and also on the feature of relubricating as needed. The pene- 
trating and abrasive qualities of soil vary widely in different 
localities. Therefore, more frequent relubrication may be re- 
quired in some localities where conditions are most severe. 


Fig. 8 shows a section through the design of a tapered 
roller bearing thrust block for a one-way disk plow. Good 
lubrication and a good dirt seal of efficient design and satis- 
factory life is very important in this application. 


In Fig. 9 is shown a tapered bearing application in the 
hanger bearing of a one-way disk plow. Good dirt protection 
and lubrication are important. 


The construction used in a one-way disk plow, similar in 
principle to the disk harrow shown in Fig. 6, is shown in Fig. 
10. This design provides for mounting the bearings in a rotat- 
ing tubular housing which has the disk blades on the outside 
diameter of the tubing. This reduces the number of bearings 
and seals required and provides a very large lubricant reser- 
voir, which is an important factor in lengthening relubrication 
periods. 


Fig. 11 shows the disk plow spindle where the individual 
disk is mounted on its own tapered bearings. In this case the 
rotating flange extension which is integral with the disk spin- 
dle is very beneficial in shedding dirt. An effective dirt seal is 
very important in this application and the rubbing surfaces 
should be smooth to prevent rapid seal wear. A good grade 
of grease has been satisfactory, but disk plow service is re- 


Fig. 34 Bearing application in manure spreader wheel 
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Fig. 35 Tapered roller bearings in 4-cylinder gasoline engine crankshaft 


garded as most severe and frequent relubrication is recom- 
mended by the manufacturer. One of the most important of 
the lubricant functions is to lubricate the seal and prolong the 
seal life, and the most effective insurance developed thus far 
to obtain these results has been frequent reapplications of the 
lubricant. 

Planting Equipment. The application of tapered bearings 
in a power grain drill wheel is shown in Fig. 12. The tapered 
bearings provide a light compact low-cost wheel hub design 
and allow towing the grain drill at high speeds. Good seals 
and lubrication are definitely important to protect and prolong 
the bearing life. Stationary axle applications of this type lend 
themselves to the simplified designs and easy assembly ob- 
tained in this application. 

Fig. 13 shows the application of tapered bearings in a disk 
furrow opener. This is used for making beds in conjunction 
with a corn planter or the like. The tapered bearings, we 
understand, have considerably longer life than the chilled-type 
bearings formerly used, but here again the importance of a 
good seal, good lubrication, and frequent lubricant reapplica- 
tion cannot be overstated. The simplified machining and as- 
sembly will be of interest. 

Fig. 14 shows the application of tapered bearings to the 
drive shaft and tine shaft of a rotating tiller type cultivator 
providing exceptionally good weed control in muck soils where 
weed growth is rapid and rank and where high value crops, 
such as onions, carrots, lettuce, and the like justify unusual 
methods. The bearing mounting, spacing, and seals are similar 
in general design to those used in the deep type rotary tiller, 
and the economical machining and assembly offered by tapered 
roller bearings is well illustrated in this design. 

Hay-Making Equipment. The mower drive and pitman 
shaft of a tractor-powered mower are shown in Fig. 15. The 
bearing housing on the lower shaft consists of steel tubing 
welded into the frame, which becomes a part thereof provid- 
ing a sturdy economical construction. 

Fig. 16 shows the application of bearings in the wheels of 
a tractor mower. The principle of incorporating a seal which 
provides the rubbing seal contact on the extended bearing ‘cone 
or inner race is at least 30 years old to my personal knowl- 
edge. This type of seal was used on automobile front wheels 
before the time of the front wheel brake and probably illus- 
trates one of the first types of the so-called self-sealed bearing. 
Seals are made to press into the wheel hub, thus allowing the 
manufacturer the privilege of using an oil seal where required, 
or a dirt seal where required or adapting the application to 
suit the conditions involved. Relubrication means is generally 
provided as a matter of extending seal and bearing life to the 
maximum and in a wheel the hub cap may be used for this 
purpose. 

Fig. 17 shows the application of tapered bearings to the 
cylinder shaft of a forage harvester. The designer of this unit 
has provided for abundant lubricant storage as well as a 
rigid compact assembly unit. Alignment of bearings is no 
problem in this design. 

The application of tapered bearings to the crankshaft of an 
automatic hay baler is shown in Fig. 18. The loads required 
to compress the bales are transmitted directly to the tapered 
roller bearings. The principle of the compact rigid tubular 
bearing housing provided to support the overhung crank, to- 
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Fig. 36 Bearing mounting for ensilage cutter knife shaft 


gether with the large, stiff shaft, provides an ideal condit on 
for tapered roller bearings. This method of self-containing 
all the heavy loads in a small compact unit makes for lighter 
construction throughout the balance of the machine. The g¢ar 
lubricant lubricates the bearings, thus providing one-shot-per- 
season construction. 


Fig. 19 shows a hay rake gearbox having low and high 
raking speeds and a tedding speed. One-shot-per-season lubri- 
cation is a feature of this design, as well as simplified and 
economical machining and assembly. The higher speeds and 
heavier duties imposed on hay rakes by operation with tractors 
are important factors in the requirements of modern design 
units of this type. 

Fig. 20 shows the application of bearings in the caster 
wheel of a hay rake, desirable by reason of the heavier re- 
quirements of high-speed tractor service. 


Grain Harvesting Equipment. Fig. 21 illustrates a trans- 
mission for a self-propelled combine having 45,000 in-lb skid 
torque Capacity requirement at the driving axle. This again 
illustrates the principle of one-shot-per-season lubrication. The 
high speed or upper shaft has what we call the direct-typ< 
tapered bearing mounting. This mounting has been favored 
in many cases because of the belief that the machine w 
may be most economical. The lower shaft has what is known 
as the indirect tapered bearing mounting and is required in 
order that under normal operation the thrust from the spiral 
bevel pinion be taken by the bearing adjacent said bevel pinion. 

A transmission for a self-propelled combine of similar 
capacity to Fig. 21 is shown in Fig. 22. To obtain a shorter 
over-all unit length and a continuous running oil thrower gear, 
this design incorporates a constant-running gear on the bevel 
pinion shaft. Both upper and lower shafts have the indirect 
tapered bearing mounting. This results in the elimination of 
the bolted-on bearing cap of the former design to locate the 
right-hand high speed shaft bearing which provides severa! 


* economies, namely, the cost of the cap, the cost of milling the 


end face of the unit, the cost of drilling and tapping the scre 
holes, and the costs of the holding screws. The indirect mou: 
ing, therefore, is well worth a comparison with the dirc-t 
mounting. 


Fig. 23 shows the design of the center portion.of a p: 
pelling axle for a self-propelled combine. Considerable red 
tion is required to obtain low gear speeds of around 1 mh 
required in rice field service and this is obtained by the dou ¢ 
reduction type of axle. Fig. 24 shows the outer ends of « s 
axle having an internal gear reduction and the mounting | 
the propelling wheel. 

Fig. 25 shows the application of bearings in a single-red 
tion propelling axle design for a self-propelled combine, wh: ¢ 
apparently a large proportion of the total reduction is tal 
ahead of the axle. The single-row mounting of the axle be - 
ings requires abutting the axles. This principle has been us | 
in automobile axles for forty years. No doubt many milli 2 
cars on the road today have this principle incorporated in | ¢ 
rear axle. 

The design of a wheel used on the pull-type combine f¢ 
maximum load of approximately 3500 lb per wheel is sho 
in Fig. 26. Considerable reduction of axle diameter and be 
ing cost is obtained by the offset bearing design which pr - 
vides for a reduced axle bending stress and low over-all wh« 
and axle cost. 
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Fig. 27 also shows a design of a wheel for a pull-type com- 
bine for a maximum load in the neighborhood of 2000 lb per 
wheel. A Series of tests were made by our company with this 
wheel design using a 134-in diameter cold-drawn 1045 unheat- 
trected axle. The object of these tests were to find out what 
benefits in increased axle carrying capacity could be obtained 
by educing the bending moment on the axle to a minimum. 
In nese tests it was found that the greatest benefits were 
obt: ined by reducing the axial distance from centerline of tire 
to a<le support to a value in the neighborhood of 1in. These 
test. were reported in a paper given by the author at the SAE 
nati nal tractor meeting in September, 1947, in which paper 
an ‘fort was made to compare the stationary with the ro- 
tati' g type of stub axle, which later may offer a solution for 
a si »plified dual wheel mounting. 

. design of a 15-hp main drive for a pull-type combine is 
sho ‘n in Fig. 28. Units of this type are designed for one-shot- 
per-eason lubrication. This principle of one-shot lubrication 
per season in such units has been eminently satisfactory and 
ena'es the designer to provide the user with machinery which 
doe not require an hour or two of conditioning work each 
day before going into the field. 

ig. 29 shows a tapered roller bearing application to a 
cor dine sickle drive. The housing in this design is bored out 
fror. each end. Production departments in some plants are 
equ pped to do this type of machine work. : 

Corn Harvesting Equipment. Fig. 30 shows a design for 
approximately 8-hp main drive for corn picker service. One 
feature of note is the transmission of this amount of power 
through a 34-in diameter shaft. The Woodruff-type keys in the 
driving hubs are reported to be quite satisfactory in transmit- 
ting this power through the 34-in shaft. I wish to point par- 
ticularly to the straight through bore of the housing for the 
input shaft bearings and another example of one-shot-per- 
season lubrication. 

Fig. 31 shows a design of a 2-hp snapping unit drive as 
currently used in corn picker service. It is to be noted that 
this design also shows the straight through bores and snap 
rings per input shaft bearings as well as successful application 
of sprockets and pulleys keyed to a 34-in shaft and, of course, 
the one-shot-per-season principle of lubrication. 

A cross section of a hammermill cylinder shaft incorporat- 
ing a single-row tapered roller bearing mounting which offers 
a simplified housing construction, is shown in Fig. 32. The cup 
or outer race shown is a development which has unusual 
promise having a three-piece construction comprised of a sand- 
wich with a neoprene filling between the steel raceway and 
outer shell. A few sizes only of this type bearing have been 
produced. The first production applications were placed in 
service some seven or eight years ago and many thousands are 
now out in service. 

Fig. 33 shows a cross section of a hammer mill cylinder 
shaft incorporating a double-row tapered roller bearing mount- 
ing which is an alternate to the former design, and which has 
been a favorite mounting for upwards of two and a half 
decades. 

Fig. 34 shows a wheel for a manure spreader using the 
offset type of bearing arrangement which permits of a reduced 


Fig. 37 Bearing mounting similar to Fig. 36 
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axle diameter, lighter weights and lower costs. A good seal 
and good lubrication are desirable. 

Fig. 35 shows the application of tapered roller bearings to 
the crankshaft of a four-cylinder gasoline engine having sim- 
plified machining and assembly features. The manufacturer 
of this engine has produced engines totaling 12 million horse- 
power equipped with tapered roller bearing crankshafts dur- 
ing the past twenty years, a large number of which have been 
used on hay balers, combines, and the like. 

The ensilage cutter knife shaft for forage harvester and 
silo filler is shown in Fig. 36. Some 30 years ago, as the silo 
filler machine business developed, one company perfected the 
single-row mounting shown on this illustration and has been 
producing it in volume ever since. As the field forage harvester 
requirement came into the picture, the same cutter knife shaft 
assembly was found suitable and adapted to the new require- 
ment. Therefore, this design is really an old timer to most of 
us, and it is quite interesting to note how the single-row 
mounting shown has been successful for so many years. The 
seals and lubricant used are conventional, and there is no 
reason at this time to doubt their practicability. 

Fig. 37 shows another ensilage cutter knife shaft for field 
forage harvester and silo filler. This illustration is quite similar 
to Fig. 36, with the exception that the bearings are positioned in 
the reverse manner. By some strange coincidence this applica- 
tion also was developed some thirty years ago by another 
company who has proved it to be successful over three 
decades. The machines are used in the field to harvest and 
cut up all kinds of forage from ordinary timothy, alfalfa, or 
mixed hay to the heavier types of feed, such as corn silage 
and the like. The process includes blowing the chopped ma- 
terial into a wagon in condition for blowing it into the silo 
without further chopping. This type of machine has been in- 
strumental in saving the farmer a tremendous amount of 
labor. The interesting thing is how the latest and most effi- 
cient machines have made use of the bearing application 
worked out some 30 years ago. It therefore can be considered 
that the seals, lubrication, and machining are pretty well proven. 

Fig. 38 illustrates a very simple tapered roller bearing 
mounting for a blower shaft. It happens to be part of a corn 
sheller and is used to blow the corn stalks some distance 
from the actual shelling operation. This blower shaft, how- 
ever, may be typical of blower shafts used in other operations, 
such as blowing ensilage into silos 60 or 80 ft high. The con- 
struction is simple, rigid, and practical, and the seals and 
lubrication are regarded by this manufacturer as having 
proved themselves over a period of years. 

In conclusion, I would like to say that many of the designs 
disclosed in this paper are the result of years of experiment 
and development, and I am deeply indebted to those men in 
the farm machinery industry who have so generously con- 
tributed much of the material for this paper. I therefore wish 
to express my sincere thanks for their splendid cooperation. 
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Fig. 38 Bearing mounting for blower shaft 
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Calculations for Milkhouse Heating Purposes 
C. P. Wagner and Marvin Nabben 


FELLow A.S.A.E. 


INNESOTA winter weather is cold and has con- 

tinued low average temperatures. In order to apply 

electric heat to milkhouses it has been necessary to 
establish the lowest possible minimum standards and then to 
make calculations for the various conditions which will be 
met. These calculations are the only method of arriving at 
conclusions concerning possible cost of heat for any of the 
various conditions. Testing to confirm calculations is good 
practice. 

If the farmer will understand the need for better insula- 
tion, reducing infiltration, and keeping the size of the heater 
to a minimum, it is probable that he will be satisfied with his 
electric bill, and the electric power company will have the 
responsibility of developing a program to render the service. 

Engineers and milk sanitation authorities must consider 
minimum size design for the milkhouses of colder areas. Bet- 
ter sanitation may result from heated houses of smaller size. 

Milkhouse heating is desirable to prevent the water system 
from freezing, to remove ice from the floor, to prevent con- 
densation on the walls, and to provide for personal comfort 
: of the user. Any one or all of the above contribute materially 
to sanitation improvement. 

One farmer says that milkhouse heating is cheap insurance. 
The protection against slipping and falling on an icy floor or 
avoiding a single cold makes the installation worth the cost. 

It is generally conceded that a controlled temperature of 
40 F (degrees Fahrenheit) gives milkhouse protection. Milk- 
houses of the same size and heated to 40 F will, in Minnesota 
require from some 2,000 kw-hr to 6,000 or 8,000 kw-hr per 
season, depending upon their insulation values and degrees of 
infiltration. 

Bad infiltration results from leaving the standard venti- 
lator wide open. Calculations indicate that with electric heat- 
ing at our temperatures this may waste approximately 500 kw- 
hr per season. 

Our calculations indicate that in Minnesota a milkhouse 
which can be heated to 40 F by 2,000 kw-hr will require some 
3200 kw-hr for heating to 50 F. 

The figures which we have given may come as a surprise 
to agricultural engineers in other areas, since tests of milk- 
house heating in those areas show the power required to be 
much lower. 


The Value of a Degree-Day Table. Degree-day tables 
have been developed as a convenient aid in computing heating 
requirements. Those already available are mostly for heating 
to 65 F. Comparable tables for heating to 40 and 50F, for 
computing heating requirements for milkhouses, are needed. 
We suggest that each engineer working on this problem pre- 
pare a degree-day table for both 40 and 50 F heating in his 
own area. The method of developing this table is to show 
the difference between the daily mean temperature and the 
desired temperature and to add these differences to show 
monthly or annual degree-days. For example, if the daily mean 
temperature for December 13 is 20F, then there are 20 
degree-days per day for a 40 F heating control and 30 degree- 
days for 50 F heating control. In some months the daily mean 
is always below the heating temperature. When this is true, 
the difference between the monthly mean and the heating 
temperature can be multiplied by the number of days in the 
month, giving degree-days for the month. 

The study of degree-days does not set the requirement for 
the size of the heating unit required. The highest daily degree- 


This paper was presented at the Winter Meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December, 1948, as 
a contribution of the Rural Electric Division. 

C. P. WAGNER and MARVIN NABBEN are, respectively, manager and 
agricultural engineer, farm service dept., Northern States Power Co. 


MEMBER A.S.A.E. 


days does assist in determining whether or not a heating cle- 
ment has a capacity within reasonable range. Design pr ini- 
mum temperatures must be taken from heating design ir‘or- 
mation. Usually —-20F is as low as we go in calcula ing 
heating requirements, because at that temperature heat ‘oss 
per hour is about at the maximum, unless there is high : :fil- 
tration. We do not need to consider the effect of wind Ic sses 
for lower temperatures. 


Degree-Days, Minneapolis Area. In the Minneapolis /one 
there are 7,850 degree-days for heating to a 65 F temperature. 
We use -20F as normal minimum outdoor temperature, for 
design. We have obtained reliable information to the ei ect 
that there are 2,680 degree-days to a 40F temperature, or 
something on the order of one-third the number for heating to 
a 65 F temperature. 

The degree-days to 40F temperature are divided by 
months, approximately as follows: November, 210; Decem- 
ber, 620; January, 810; February, 730, and March, 310. There 
are six days in January and February with 50 or more degree- 
days for heating to 40 F. 

The degree-day method of approximating heating require- 
ments, for heating to 65 F temperature, is fairly accurate for 
each season. It may be less accurate from month to month. 
For heating to a 40 F temperature, the degree-days may be 
more erratic in distribution, with greater percentage variation 
from year to year and from month to month than is true 
with the 65 F basis. 

The main point to bear in mind in heating the milkhouse 
in our area is that the degree-days to 40 F are only one-third 
of those to 65 F over a heating season. Therefore, heating 
requirements increase rapidly as the temperature control is 
set beyond 40 F. 

Reducing Heat Requirements. Heat requirements of a 
building may be reduced in several ways: (1) Locating one 
or more sides against another building, (2) serving through 
a vestibule rather than from outside, (3) insulating, and (4) 
reducing infiltration. 

In a 12x14-ft milkhouse built of concrete blocks, we will 
probably find a total heat loss of some 16,000 Btu per hr at 
design temperature, —20 F. Cut the actual milkhouse to 12x9 
ft 2 in inside, and allow a 3-ft 6-in vestibule on the other side. 
One side to a barn, not insulated, this house will probably 
have a loss of 11,400 Btu per hr. Insulate with 4 in of mineral 
wool and the loss is cut to 4,000 Btu per hr. Change the win- 


Fig. 1 This picture illustrates comfort area heating with heat lam;> in 
a farm milkhouse near Hudson, Wis. 
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dows to glass blocks to cut infiltration, and the loss may then 
be as low as 3,000 Btu. 

How have we changed the house to obtain this loss reduc- 
tion from 16,000 Btu pr hr to only 3,000 Btu? For practical 
purposes, the construction is increased by the materials in the 
inside wall of the vestibule. The useful size has been cut but 
not nearly as much as it would appear. We still have a 
practical-sized unit after the change. Glass blocks allow 
enough light; their tight fit cuts infiltration. The vestibule 
cuts infiltration and wind losses on the door side. 

‘hese changes in design offer advantages to be considered. 
Any disadvantage in sanitation will be much more than offset 
by ‘xe improved conditions with economical heat. 

he stated range of 2,000 to 6,000 kw-hr per season in 
the Minneapolis area includes at least some of the improve- 
mers to reduce losses as shown by these calculations. 


New Milkhouse Location Plans Needed. In almost every 
milk.hed new plans should be drawn showing the preferred 
location of the milkhouse solely from the viewpoint of low 
hea\:ng costs. Present plans were not drawn with these heat- 
ing eas is mind. The refrigeration engineer would make a 
goo’ plan since he calculates heat to a closer degree than 
does the heating engineer. 


“nnual Value of Good Insulation. In the Minneapolis 
area we can say that the annual value of good insulation 
and close fitting storm windows and doors can be $40.00 to 
$80.00 per year, with electricity at 2c per kw-hr, operating to 
40 F. 

In the Buffalo, N. Y., area the same value may be $18.00 
to $35.00 per year with electricity at 1Y2c per kw-hr, operating 
to 40 F. 


Usilizing Heat Removed from Milk. In Minnesota we 
noticed about two years ago that milkhouses in which large 
milk coolers were located were much more comfortable than 
milkhouses not having coolers. The ordinary milk cooler acts 
as a heat pump. The refrigerated side is in a sealed-off 
container or cabinet. The compressor and its heat radiator are 
located in the room. 

We have made calculations on the basis of heat pump 
data and have reason to believe that the heat radiator has an 
output of approximately 2.3 kw-hr (7850 Btu) for each 10-gal 
can of milk handled in the milk cooler without precooling. 


UPPER |CAN' RACK WASH' STAND 


|LOWER RACKAND |BOWL 


2 
be} s 
= ° 
z 
e 
w 
z 
a 
<« 
o 
PLAN 
Fig 2 The University of Minnesota milkhouse plan M-113. The 


cstibule and placing one side against the barn reduce heat loss. 
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The milk is brought from 95 to 40F and the heat is dis- 
tributed in the milkhouse. Such heat is free and where there 
are a number of cans of milk to be cooled, it is desirable to 
conserve this heat. Therefore, we began the study of insula- 
tion and its value. 


We recommend a -20F design temperature in order to 
have adequate heating capacity. A —20F temperature makes 
it important to consider insulation. It is not the purpose of 
this paper to discuss the quantity of insulation but rather the 
value. In one case a milk cooler handled eight 10-gal cans of 
milk per day, with enough heat radiated from the cooler to 
keep that milkhouse almost uniformly at a 40 F temperature. 

At first glance this looks like an excellent chance to sell 
the farmer on insulating to conserve the free heat already 
available. 


For a design temperature of -20F, or a maximum of 60 
degree-days of heating per day, the cooler would need to be 
handling about 15 10-gal cans of milk per day to provide the 
heat required to maintain the room temperature of a well- 
insulated milkhouse at 40 F. If less than this amount of milk 
is being handled daily during December, January, and Febru- 
ary, some means of providing supplementary heat will often 
be necessary. 


Using the Milk Cooler as a Heat Pump. The simplest 
means of using the milk cooler as a heat pump supplement- 
ing its normal operation, is by installing a solenoid valve on 
the water supply. Control of this valve can be by room 
thermostat. A 3gin valve will discharge 1.1 gpm at 30-lb 
pressure, or 1.4 gpm at 50-lb pressure. Cost of the small 
valve will be less than $10.00 and the thermostat about $15.50. 

When the room thermostat starts the flow of water, the 
ice bank in the cooler will melt, starting the compressor unit. 
In order to get best control we keep feed water away from 
the vicinity of the refrigerator thermostat. 


CAPACITY OF REFRIGERATOR COMPRESSOR NEEDED 


Since the water surrounding the ice bank may be about 
35 F, the new water may drop some 10F in temperature. A 
10-deg drop in water temperature at 1 gpm will result in 
release of about 4800 Btu pr hr. The milk cooler refrigerator 
compressor of 34 hp or larger would handle this output, and 
prevent raising the milk temperature. 

Assuming the coefficient of conversion or performance of 
the milk cooler as being only 3, the heat from the electric 
input will be 2400 Btu, and total heat to the room 7200 Btu 
perhr. Assuming 34kw-hr per degree-day for direct heat, 
the milk cooler can heat the same milkhouse for 1/, of 34, or 
Y, kw-hr per degree-day. This 4 kw-hr includes energy used 
to cool the milk. Actually the coefficient of performance of 
the heat pump may be 3.75 or more on some part of this work. 

Water pumping costs may be 20 to 30c per month depend- 
ing on depth of well and electric rate. 

At the present time we recommend 34-hp milk cooler com- 
pressors as the smallest to be used under Minnesota conditions. 
We believe that this limit is required for protection to milk 
stored in the milk cooler unit. 

The 14-hp compressor will handle the Minnesota heat re- 
quirements for well-insulated, low-infiltration milkhouses ex- 
cept for about 6 days of January and February. 

The 4-hp compressor will serve the areas of the north 
half of states from Michigan east. Compressors of 1/3 hp 
might serve areas with more southern location, where ade- 
quate to properly cool the volume of milk handled. 

Installing a hand valve in front of the magnetic valve will 
allow control of the water flow through reduction of pressure. 
The imposed pressure can be such that the amount of flow 
will be just below the Btu capacity of the compressor unit. 
By keeping below the capacity, the ice bank will be sustained 
in part and the milk temperature will be protected. The heat 
output will also be sustained. 

A. A. Pfingsten suggests that in many cases a farmer may 
not have adequate water supply, nor a method of wasting 
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water through the milk cooler. In such cases an additional 
radiating system can be installed in the milk cooler, with the 
piping extended to the barn, installed in the earth, or arranged 
to provide some other method for transfer of heat to the milk 
cooler and thence to the room. Certainly this possibility 
should be considered. 


Methods of Applying Heat. There are a number of 
methods of obtaining, supplying, or conserving heat from 
electric devices in the milkhouse. Some of these are (1) Con- 
serving existing milk cooler heat, (2) The milk cooler as a 
heat pump, (3) direct radiation, (4) storage water heater, 
(5) radiant heat, wall or floor, (6) heat pads, and (7) the 
heat lamp as supplement for personal comfort. 

The conserving of existing heat from the milk cooler needs 
no further discussion. Additional use of the cooler system as 
a heat pump is still in the experimental stage. We have listed 
one farm with good drainage where we expect to carry on 
this study during the coming winter. 

Fan-type, direct-radiation heaters seem in some ways to 
be our best possible unit for supplementary heating to the 
temperature suggested. This heater is 100 per cent efficient. 
If selected in reasonable capacities, 1,500 to 2,000 watts, and 
connected 220 volts, the heaters will not seriously affect the 
farm wiring or the transformer from the standpoint of voltage 
drop. Some units are made available with the thermostat 
within the unit frame. The best connection seems to be the 
remote thermostat located on the wall which touches the 
barn, and about midway between floor and ceiling. 

Many electric power companies offer special rates for off-peak 
storage-type water heaters. Under most of the rules there is 
no provision as to the use of the water. Therefore, there is 
no reason why these rates should not be used with standard 
water heaters and then the hot water used for heating the 
milkhouse. At first glance this method of developing heat 
for the milkhouse may seem very attractive. On second 
thought, if we apply engineering principles to the heating, 
the installation may be considered much less attractive. We 
do not mention this with the idea of excluding this type of 
heater. Certainly, however, there are indications of the need 
of considerable research to prove the value of this type of 
heater, and its economy. 


RADIANT HEAT BY ELECTRICITY OR HOT WATER 


Radiant heat in the wall or floor could be through the 
use of electric heat cables or copper tubing with hot water. 
These units could be placed in the plaster and operated in a 
satisfactory manner. Radiant heat to 40F may not be as 
successful as it would be at the higher temperature of home 
heating. The main advantage of home heating with radiant 
heat is that we can operate at a much lower temperature 
with greater comfort. This condition will not be found in 
our milkhouse heating problem. 


One of the rubber companies has provided a rubber heat- 
ing pad. The pad itself is the heating element. This method 
of heating the milkhouse has been offered in our area to some 
of the non-technical sales agencies, particularly the appliance 
sales section of Land O’Lakes Creameries. The value of such 
heating equipment should be proven. The connected load 
should be kept down to about that suggested for the direct- 
radiation process. At the present time we see no particular 
economy or heating value in this method of handling heat 
in our milkhouse unit. 


A 40F temperature may not provide enough comfort for 
the operator. If so, it is preferable not to turn up the thermo- 
stat or increase the heat in the room. Instant heat to a com- 
fort zone can be obtained from the radiation of a heat lamp, 
without increasing the general temperature in the milkhouse 
itself. Two, four, or six of the R-40 heat lamps should be 
connected 110-220 v in order to balance their load across the 
220-v service. Switching is accomplished with a two-pole, 
220-v switch. There is now available a new unit having the 
appearance of a fluorescent lamp fixture. The. fixture is 
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equipped with tubular infrared heat units. These units v ill 
serve the same need as is served by heat lamps. 
It has been suggested that the heat lamp or infrared h. at 
units be controlled by a timer. This timer can be set fo a 
predetermined operating period. Without it, forgetting to 
turn off a heat unit may seriously affect the electric bill. 


Wiring Requirements. In this milkhouse heating deve’ \p- 
ment we are adding a considerable amount of equipmen’ in 
the area of the dairy barn. The milk cooling’ unit, sup, le- 
mentary heat, heat for comfort area and water heating © ay 
go to upward of 5500 w, a 25-amp load at 220v. If al’ of 
this load is connected at 220v and the dairy barn is 55) ft 
from the transformer, it will require a No. 4 conductor to 
carry this load alone. A No. 6 conductor would carry «he 
load 350 ft. If any of the load is in unbalance, the condu. ‘or 
size must be increased and the larger conductor run from ‘he 
dairy barn area back to the transformer. We must dd 
enough capacity to carry the other loads in that area. Por 
wiring to the dairy barn and milkhouse area will result in 
considerably lowered efficiency in the operation of this equip- 
ment. Almost every farm in the entire country equipping 
the milkhouse with heating equipment in addition to the 
milk cooler and utensil washing water heater will need new 
larger wiring to the dairy barn and milkhouse zone. 


Heating System in Unbalance. We can definitely say that 
for relatively small areas as compared with the average home, 
any system other than warm air is in unbalance and therefore 
more or less inefficient. The statement is more true for lower 
temperature heating. 


Hot water heating for a milkhouse will be in extremely 
bad unbalance if water-storage capacity is more than a few 
gallons (as in the electric radiator heater). Uncontrolled 
water flow or too large heat units are undesirable for our 
conditions. 


SUMMARY 


1 Milkhouse heating requirements may be minimized in 
construction by building the house to minimum size, with one 
side against the barn, a vestibule on another side, glass block 
or close-fitting storm windows, insulation, and vaporproofing. 


2 Heating requirements may be minimized in operation 
by holding the temperature to 40 F, and by restricting venti- 
lation. 

3 These economies will make it possible to heat the 
house with only one-third to one-fifth the amount of electricity 
required for some houses. 

4 The well-insulated house of 1000-1200 cu ft can be 
eo to require about 34 kw-hr of direct heat per degree- 

ay. 

5 The same milkhouse may be heated with the milk 
cooler operating as a heat pump, for 44 kw-hr or less »er 
degree-day. This will include the energy used to cool the m \k. 
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Fig. 3 Temperature variation chart for a well-insulated milkhouse oF 
a period during which outdoor temperatures varies from 30 F to -) F. 
Milk cooler heat only eight cans per day. Not operating with v ¢f 
input as a heat pump 
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Instrumentation for Animal Shelter Research 
By C. F. Kelly, T. E. Bond, and C. Lorenzen, Jr. 


MEMBER A.S.A.E. JR. MEMBER A.S.A.E. 


measurement of heat flow. This is especially true where 

‘wthe ventilation requirements and the effect of various 
envi onmental conditions on heat loss from livestock are being 
stud ed. Studies of animal shelters during the past three years on 
aco: erative basis between the U. S. Department of Agriculture- 
and ‘he Divisions of Animal Science and Agricultural Engi- 
nee: ig of the University of California, have given opportunity 
for 1e use of various instruments in measuring the variables 
mak 1g up the environment and for the measurement of heat 
flow Experiences in both fields will be discussed in this paper. 

" emperature and heat flow are so closely related that one 
defi: sion describes temperature as the potential controlling 
heat iow. Instruments for measuring one are usually useful 
for .easuring the other. For estimating the rate of heat loss 
by c. avection, one must know the dry-bulb temperature of the 
air - id the rate of air flow. The calculation of the rate of 
heat loss by radiation involves the temperatures of surfaces 
or t/¢ direct measurement of emission by means of suitable 
instr ments. The estimation of total heat loss and moisture 
removal through a ventilation system brings in another vari- 
able, the wet-bulb temperature of the air. Small heat-flow 
meters are available for measuring directly the heat flow 
through surfaces. Radiometers are available for measuring 
total solar and sky radiation and the intensity of radiation 
from a surface. Instruments such as the globe thermometer 
and the Kata thermometer measure the combined effects of 
temperature, radiation, and air flow. 

Measuring Dry-Bulb Temperature of the Air. Three prob- 
lems, in connection with measuring the dry-bulb temperature 
of the air, may arise in animal shelter research: (1) location 
of instrument, (2) measurement of dry bulb without effect of 
radiation from or to hot or cold surfaces in the vicinity, and 
(3) measurement of rapidly changing temperatures such as 
are encountered with the cycling of an off-and-on air-condi- 


R ESEARCH in animal shelters in many cases involves the 


This paper was presented at a meeting of the Pacific Coast Section 
of the American Society of Agricultural Engineers at Davis, Calif., in 
February, 1949. 


C. F. Ketty and T. E. Bonp are, respectively, agricultural engineer 
and junior agricultural engineer (BPISAE), U. S. Department of Agri- 
culture. C. Lorenzen is assistant agricultural engineer, University of 
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Fig. | Cages suitable for protecting instruments used for recording the dry-bulb temperatures and 
relati:: humidity at the level of the animals. Left: Type used at Davis, Calif., in studies with hogs. 
Right: Type used at El Centro, Calif., in beef cattle studies 
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tioning unit or with an oscillating fan used for air circulation. 


If the effect of environment on an animal is being studied, 
there would seem to be no question but that the instrument 
should be located so as to measure the temperature near the 
animal. In many cases, however, this is difficult to do without 
danger of damage to the instrument or injury to the animals 
themselves. Often a compromise is made by locating the 
instrument above the animals. In studies with hogs in the 
California psychrometric chamber and with cattle in a shelter 
cooled with a “desert cooler’, a difference of several degrees 
between the temperature at animal level and a few feet above 
the animal was not unusual. Cages or shelters for the instru- 
ments were constructed as shown in Fig. 1, for the hog studies 
and cattle studies, and have proved quite satisfactory. Old tire 
casings nailed to the posts will protect cattle from being 
bruised on sharp corners. 


The effect of radiation on the dry-bulb temperature indi- 
cated by mercury thermometers, recording thermographs using 
a Bourdon tube, and thermocouples, is covered extensively in 
the literature on pyrometry, but the importance of this factor 
at ordinary temperatures is not always realized. If the walls, 
sky, or other features of the “surround” are at a temperature 
higher or lower than the air temperature, the thermometer 
bulb or the thermocouple junction will gain or lose heat by 
radiation, and indicated temperature will not be the true air 
temperature. Mulliken!* describes twenty-six methods of elimi- 
nating radiation errors in the measurement of gas tempera- 
tures. Lorenzen, in a paper before this Society in December, 
19482, discussed the two methods most applicable to our work 
—the shielded thermocouple and the butt-welded thermo- 
couple of small diameter. Probably the most effective method 
is a combination of the two—a thermocouple of as small 
diameter as can be conveniently handled without breakage, 
enclosed in a single or double cylindrical shield of polished 
metal. A butt-welded copper-constantan thermocouple of 30- 
gage wire, with two concentric shields, the inner 1/4 in in di- 
ameter by 2in long and the outer lin in diameter by 2 in 
long, has proved satisfactory under the conditions of solar 
radiation encountered in the Imperial Valley of California, 
when oriented so as to give maximum shielding and greatest 
air flow at the junction. The fine-wire thermocouple leads 
need be only a few inches long and can be soldered to larger 
wires to cut down the electrical resistance of the circuit. The 
shields should not be smaller than 14 in in diameter. A smaller 
diameter may slow down the air flow and introduce another 
error due to the low rate of heat transfer by convection be- 
tween the thermocouple and the air. 

Sudden changes in temperature of 
several degrees in two or three min- 
utes are not ordinarily encountered 
when measuring the weather, and 
usually a recording instrument using 
a bimetallic or Bourdon tube sensitive 
element will respond fast enough. 
However, in measuring the heat loss 

from animals, large errors may result 
if rapid temperature changes are not 
detected and measured. Readings 

«made at Davis with a heat-flow meter 
indicated that the surface temperature 
of animals may lag behind air tem- 
perature, where sudden changes in air 
temperature are encountered. At an 
ambient temperature of 80°F, the sur- 
face temperature of a 200-lb hog is 
about 92 F’. The “potential” control- 


* Superscript numbers refer to appended 
references. 
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ling convection heat loss is 12 deg. If the average air tempera- 
ture is 80 F, but is varying from 75 to 85 F over periods of a 
few minutes, the “potential” is also varying from 17 down to 
7 deg (providing the surface temperature of the animal does 
not change), and the results of observations with a heat-flow 
meter or other heat-measuring device will not be consistent 
for the 80 F “average” temperature. Fig. 2 shows the surface 
temperatures of back, belly, and side of a 200-lb hog in an 
environmental temperature averaging 80F, but varying be- 
tween 75 and 85 F every 6-min period. 

The surface temperature observations were made with a 
Hardy dermal radiometer, with which a reading can be made 
in from 10 to 15 sec, and the air temperature observations with 
a 30-gage copper-constantan thermocouple. 


Surface Temperatures. In farm structures the measurement 
of surface temperatures may be necessary for the calculation 
of heat transfer relating to both buildings and animals. Again 
the thermocouple is very useful, but its application to the 
many types of surfaces involved is rather difficult. The re- 
“ quirement is that the thermocouple junction take on the tem- 
perature of the surface being measured, without changing the 
character of the surface with regard to convection loss, emis- 
sivity, or evaporation qualities. In measuring surface tempera- 
ture of animals, a further requirement must be met that the 
circulation beneath the skin is not impaired. 

For all types of surfaces the size of the thermocouple wire 
should be small, with a junction as small as possible. Thirty 
or 36-gage wire, with a butt-welded junction, has been found 
to be about as small as can be conveniently handled, although 
junctions of 40-gage wire have been accomplished. For attach- 
ing to a wood surface, thumbtacks spaced about 4in apart, 
with the wire stretched between them, have been found to be 
more satisfactory than attaching the thermocouple to the sur- 
face with some type of adhesive tape. The junction and sev- 
eral inches of the leads should be pushed into the wood so 
that the wire is about half buried. Studies of the inside sur- 
face temperatures of hog shelters, checked with a radiometer, 
using handbook data for emissivities, have indicated that this 
method will give consistent and fairly accurate results. The 
temperature of concrete walls can be obtained by the same 
method, except that the adhesive tape will be necessary for 
holding the thermocouple in place, and a slight scratch in the 
surface should be made to partially bury the wire before 
attachment. Soldering to a metal surface is practical where 
temperature differences between surface and air are small, but 
installation should be done some time before the observations 
are made, if possible, so that the solder can tarnish and ap- 
proach the emissivity of the wall surface. Peening the couple 
into the metal is generally conceded to be a better method, 
especially for high temperatures*. Kratz and Broderick® have 
discussed the use of thermocouples in measuring wall tempera- 
tures in detail and describe a method for determining the 
amount of error involved in a given case. 

For determining the surface temperature of swine and 
cattle, both over and under the hair, the touch thermocouple 
shown in Fig. 3 has been used. The observations have checked 
very well with the Hardy radiometer. The thermocouple, of 
30-gage copper and constantan wire, is supported on cotton 
threads under slight tension between the legs of a /-in bronze 
rod “U". A one-pint thermos jar serves as both a handle for 
the instrument and as an “ice pot” for the cold junction refer- 
ence. By having the cold junction reference at the instrument, 
long, low resistance, copper leads from the instrument to the 
potentiometer can be used. 


Wet-Bulb Temperature. The wet-bulb temperature of the 
air is especially important in ventilation calculations because, 
at a given barometric pressure, from this measurement alone 
the total heat content per pound of dry air can be directly 
obtained. If the dry-bulb temperature is also known, obviously 
the relative humidity, dew point, and water content can be 
easily found. Wet-bulb temperature is ordinarily measured 
by a sling or aspirated psychrometer. This method has the dis- 
advantage of requiring an observer at the instrument location, 
thus possibly upsetting the very conditions which it is desired 
to measure. Hair hygrometers, for measuring relative humid- 


TEMPERATURE. 


Time  cminutes) 


Fig. 2. Comparison of surface temperatures of belly, back, and side of 
200-lb hog during periods of rapid air temperature change. Room tem- 
perature body is the reference surface for the Hardy dermal radiometer 


ity, are satisfactory for conditions of constant or slowly chang- 
ing relative humidities. Where rapid changes in total heat 
content are encountered such as in heat loss measurements from 
livestock, and where it is desired to record the temperatures, a 
modification of the thermoelectric psychrometer, as described 
by Lorenzen®, has been used in the psychrometric chamber for 
measuring wet-bulb depressions over the dry-bulb temperature 
range between 40 and 100 F, at relative humidities between 45 
and 55 per cent. Because of the relatively large wet-bulb de- 
pression, a single wet and dry junction of 36-gage copper and 
constantan was used as shown in Fig. 4. Dust from feed, 
floor, etc., made frequent changing of wicks necessary. Be- 
cause of ease of replacement, ordinary facial tissues or ciga- 
rette papers, folded lengthwise and then crosswise and hung 
across the horizontal wet junction, were found more satisfac- 
tory than wicks of absorbent cotton thread. The facial tissue 
was perhaps the most effective. At temperatures above 70 F, 
and air velocities atove 400 fpm, difficulty was found in keep- 
ing the junction wet unless the vertical distance between water 
surface in the distilled water reservoir and the wet junction 
was less than one-half inch. A modification of the instrument 
shown in Fig. 4, in which a large absorbent wick delivers a 
continuous supply of water by gravity rather than by capillary 


Fig. 3 Touch thermocouple for measuring surface temperatu: of 
animals. A one-pint vacuum jar serves as both a handle fc the 
instrument and as a reference junction “ice pot” 
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Fig. . Diagram of single wet and dry junction thermoelectric psychrom- 
eter as used for measuring and recording wet bulb depression in the 
California psychrometric chamber 


action to the small facial tissue wick on the wet junction, has 
been found to operate successfully at the higher temperatures. 
While the instrument checked very well when calibrated by 
comparison with an aspirated pschrometer between the limits 
indicated above, the effects of other air velocities and vapor 
pressures on the indicated wet-bulb depression have not yet 
been determined. The jacks shown in the diagram, commonly 
known as “banana type’, proved to be a convenient method 
of both mounting the instrument where desired and com- 
pleting the electrical circuit. 


Heat-Flow Meters. Small heat-flow meters have been found 
invaluable for measuring heat flow by radiation and convec- 
tion, from walls, floors, animals or the ground. The type used 
was developed by the division of mechanical engineering, Uni- 
versity of California, Berkeley, as a refinement of an instru- 
ment constructed by R. L. Perry in 1936, and consists of a 
thermopile made up of many pairs of silver-constantan junc- 
tions, arranged with the “cold” junctions on one side of a thin 
bakelite slab (1/64 in thick) and the “hot” junctions on the 
other. The junctions are protected by two bakelite slabs, each 
also 1/64 in thick, cemented to the thermopile support slab, 
so that the entire instrument.is only 3/64 in thick. Various 
sizes, from 2 in square to 4in square, are available. Each in- 
strument also has two iron-constantan thermocouples for 
obtaining the temperature of the instrument under the cover 
plates. Each heat-flow meter is calibrated at a standard in- 
strument temperature by the manufacturers and a calibration 
constant in Btu per hr ft? mv provided. A typical instrument, 
24x 2% in, has a thermopile made up of 360 pairs of junc- 
tions, a calibration constant of 15.8 Btu perhr ft? mv at a 
standard temperature of 120 F, a thermopile electrical resis- 
tance of 525 ohms, and a thermal resistance of 0.73 F hr per 
Btu. A curve for instrument temperatures other than the 
calibration temperature (120 F)) is furnished to correct for 
the effect of temperature upon thermal conductivity of the 
bakelite, upon the thermoelectric power of the thermopile, and 
upon thickness of the bakelite core due to expansion and con- 
traction. 

The instrument can be cemented, screwed, or taped to the 
surface being tested or, in the case of animals, fitted with a 
handle so that it can be held firmly against the surface. For 
measuring conduction between an animal and the floor or 
ground, the meter may be covered with a moisture-proof plas- 
tic envelope. The attaching devices should be arranged so as 
not to obstruct the flow of air across the instrument or prevent 
the ‘eter from “seeing” the surrounding surfaces, since the 
instr. ment measures heat lost or gained through both convec- 
tion nod radiation. For measuring heat flow through a floor 
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of a shelter, protection of the instrument from both mechan- 
ical damage and moisture is necessary. Installation in the 
instrument cage mentioned before will prevent the animals 
from stepping on it, and cementing a cover of copper foil 
about six inches square over the meter and to the floor with 
Permatex or other waterproof sealer has been found effective 
in preventing short circuits due to moisture. The foil should 
be brought to the emissivity of the untreated floor by tarnish- 
ing, painting, or other means. A short piece of copper tubing, 
one end soldered to the foil, serves as a conduit to bring out 
the electrical leads. 


The results of studies of heat loss from animals by radia- 
tion, convection and conduction, as measured by a heat flow 
meter, have been described in a previous paper.® 


In the use of small meters for this purpose, slight errors 
might be encountered because the meter, being impervious to 
moisture, will stop heat loss from the animals’ skin due to 
evaporation. Fortunately, it is believed swine and cattle lose 
little moisture through the skin, minimizing the error. Care 
should be taken to hold the meter only on dry areas of the 
animal. 

The time the instrument is held in place on the animal 
should be sufficient to allow the heat transfer rate to reach a 
steady state, but not so long as to materially affect the ani- 
mal’s subcutaneous circulation. The ambient temperature will 
have some effect on the rate at which the instrument -ap- 
proaches the steady state with regard to both temperature and 
heat flow. For instance, at an air temperature of 90 F, the 
animals’ surface temperature will be about 97 F, and the in- 
strument will have to increase in temperature 7 deg. This, in 
practice, takes about one minute. However, at an air tempera- 
ture of 40 F, the same hogs’ surface temperature will be ap- 
proximately 82 F, the necessary instrument temperature rise 
will be 42 deg and the time to reach steady state will be about 
three minutes. Studies by the University of California indicate 
that when the meter in air at 78 F, is placed suddenly on a sur- 
face at 122.8 F, it will take 2.1 min for the temperature of the 
heat meter to reach 95 per cent of the steady state meter tem- 
perature and 1.4 min for the heat flow through the meter to 
come within 5 per cent of the steady state heat transfer rate. The 
fact that in observations with hogs, using a meter 2x2 in, the 
instrument temperature and rate of heat flow after the first 
two or three minutes remained practically constant, is an indi- 
cation that hog surface temperature under this instrument was 
affected very little. 


Flat Plate Radiometer. The flat plate radiometer is a 
modification of a heat-flow meter, used for measuring the total 
colar and sky energy incident upon a flat surface. Both long 
and short-wave radiation is received and integrated over the 
entire hemisphere. This instrument, developed by J. T. Gier 
and F. A. Brooks of the University of California, has been 
found very useful for measuring the heat load on animals and 
structures from both the sky and ground, and for comparing 
the efficiency of shades in cutting off solar radiation. 

A standard heat-flow meter, if held horizontally in the sun, 
will receive radiant energy from both the sky and the ground, 
and, because its temperature will rise above that of the air, 
will lose heat by convection. The thermopile in the meter will 
indicate heat flow through the meter from the side receiving 
the most radiant energy to the opposite side, providing con- 
vection loss from both sides is the same as when the instru- 
ment was calibrated. By making one side of the meter highly 
reflective, radiant energy from only the black side is absorbed, 
and if the convection losses are equal from both sides, the 
heat flow through the meter will be a measure of the net 
energy exchange between the meter and the hemisphere on the 
black side. If the total energy incident upon the black side is 
desired, to the net exchange must be added the energy being 
tadiated back by the meter, which is easily calculated by the 
Stefan-Boltzmann formula. A thermocouple is placed in the 
bakelite slab for obtaining the instrument temperature. To 
insure that convection losses from both sides will be steady, a 
small blower for forcing air across the plate is included in 
the instrument. Calibration with a standard lamp is made by 
the manufacturer. The factor for a typical instrument is 20 
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Fig. 5 (Left) Instruments for measuring total solar and sky radiation,air temperatures, and globe thermometer temperature, as used in co- 
operative hog-housing studies at Davis, Calif. Flat-plate radiometer onleft; shielded themocouple in center, and 10-in globe thermometer on 


right e 


Fig. 6 (Right) Radiometers used in California livestockenvironmental project for measuring surface emissive powers. Gier type 


on left; Hardy dermal radiometer on right 


Btu per hr. sq ft for each millivolt response. A view of a flat 
plate radiometer is given in Fig. 5, which also includes a globe 
thermometer and a shielded thermocouple. 


Radiometers for Measuring Surface Emissive Power. The 
determination of the emissive power or rate of radiant energy 
discharge from surfaces of structures or animals by means of 
radiometers has the advantage that neither the surface temper- 
ature nor the emissivity of the surface need be known. How- 
ever, if one of these factors and emissive power as measured 
by a radiometer are known, the other can be found by substi- 
tution in the Stefan-Boltzmann formula. In the measurement 
of radiation from animals, the radiometer is especially useful 
because it does not actually touch the animal and can not 
affect the circulation of blood, the surface temperature, emis- 
sivity, or evaporation of moisture. 


Two types of radiometers used on the California livestock 
environmental project (Fig. 6) made use of a thermopile, one 
set of junctions being exposed to radiation from the surface 
being studied, the other set hidden from the surface viewed 
and maintained at as constant a temperature as possible in the 
base of the instrument. A collecting cone or opening in the 
front of the instrument limits the area of the surface viewed. 
Radiant energy from the viewed surface falling on the exposed 
thermopile junctions increases their temperature above that of 
the hidden junctions, and an electromotive force is developed, 
its magnitude depending upon the rate of emission from the 
surface. This in turn, of course, is a function of the surface 
temperature, emissivity, and area. If the opening in the radi- 
ometer is entirely covered by the viewed surface, area can be 
neglected. 


The radiometer can best be used as a comparison instrument, 
comparing the radiation from an unknown surface with that 
from a reference surface of known temperature and emissivity. 
The electrical response of the instrument to the reference surface 
is first obtained and then the response to the unknown surface. 
The difference between the two, in millivolts, multiplied by 
the calibration factor gives the difference in emissive power 
between the reference and unknown surfaces. When this diff- 
erence is added to or subtracted from the emissive power of 
the reference surface, depending upon the algebraic sign, the 
emission from the unknown surface is obtained. 


It should be noted that two assumptions are made when 
using the radiometer in this manner: (1) that there is a 
straight line relation between radiometer response and temper- 
ature difference when the temperature differences are small, and 
(2) that the cold or hidden junctions of the thermopile do not 
change in temperature during the time elapsed between viewing 
the reference and the unknown surfaces. Gier and Boelter? 
have, in their studies of the design of radiometers for orchard- 


heating investigations in California, shown that “the response 
with respect to energy rate per unit area falling upon the 
receiving element of the thermopile is approximately linear.” 

With regard to the second assumption, many observations 
with a Hardy dermal radiometer on swine in the psychrometric 
chamber, in environmental temperatures ranging from 40 to 
120 F, have shown that if the ambient temperature is fairly 
steady and care is taken to not touch the instrument except 
on the handle, the response of the instrument over a one or 
two-minute period will not change enough to be measurable 
by a Leeds and Northrup No. 8662 potentiometer. This can 
be checked easily if the reference surface is again viewed after 
the measurements are made. If the response to the reference 
body is the same before and after the observations and the 
reference body has not changed in temperature, it can safely 
be assumed that the cold junctions have not changed in tem- 
perature. In the psychrometric chamber studies, the practice 
was followed of making seven readings on the animals, aver- 
aging 15 sec per observation, between readings on the refer- 
ence body. 

A portable reference surface that has been found very 
convenient for use with a Hardy dermal radiometer when 
working with cattle loose in a corral or hogs in a pen, is 
shown in Fig. 7. Copper leads as long as desired may be sed 
to connect to the potentiometer, since the ice pot for the 
thermocouple reference junction is a part of the instrument. 
A double-pole, double-throw toggle switch is used to switch 
from the reference surface thermocouple to the radiometer 
thermopile. The reference surface itself is a brass plate , in 
thick, painted with a mixture of lampblack and turpentine and 
then smoked with a fuel oil flame. The emissivity of the s 
face thus coated has been taken to be 0.925. A touch the 
couple is shown on the cap of the thermos jar (Fig. 3.). 

(Continued on page 
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Fig. 7 Diagram of portable reference surface for Hardy dermal rac < 

eter for use with long copper leads, when surface temperatur: 

livestock loose in a corral are being obtained. Touch thermoc:. 
construction also shown 
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BACKACHE ese ii indy 

Out of — ANT Te lg | 

Corn Picking 


— 


Aliis-Chalmers Two-Row Corn Harvester. 


Link-Belt chains, in malleable, 
Promal and steel have played 
an important part in the devel- 
opment of agricultural equip- 
ment since the inception of the 
original Ewart detachable 
Link-Belt, in 1873. 


@ Getting in the corn, once a long, toilsome job, has 
wun Waadiiaaale been made much easier, faster and more pleasant, by 
Identifies Genuine Link-Belt the development of mechanical corn pickers, such as 

the Allis-Chalmers Corn Harvester, shown above. 

On this machine, as on numerous modern farm 
implements, Link-Belt Chain plays an important 
part. The important functions of gathering and con- 
veying are performed by steel Link-Belt, with spe- 
cial conveying attachments. Link-Belt Silverlink 
Roller Chain, drives the wagon elevator from the 
main transverse power shaft. 

Leading engineers and builders of agricultural 
machinery rely on Link-Belt as the source of pre- 
cision built, long-lived chains and sprockets for all 
types of drives and conveyors. For assistance in 
solving your mechanical power transmission or con- 

Pe veying problems, contact your nearest Link-Belt 
Link-Belt gather- ‘§ plant or branch office. 


ing conveyor and 
elevator chains. 


LINK-BELT COMPANY 


Chicago 9, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5, San Francisco 24, 
Los Angeles 33, Seattle 4, Toronto 8. Offices in Principal Cities. 


FOR CONVEYORS * FOR POWER TRANSMISSION 
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Fig. 8 Device for calibrating small radiometers, consisting of hot and 
cold surfaces, of known emissivity, ice pot for reference junction and 
2 switching arrangement. Hardy radiometer also shown 


Calibration of this type of radiometer should be made at 
frequent intervals when used in barns, feedlots and other 
dusty locations, because of changes which may occur in the 
emissivity of the receiver of the sensitive element and the re- 
flectivity of the polished collecting cone. In work with farm 
structures and animals, it is believed by the authors that cali- 
bration in terms of the emissive power of the viewed surface 
is more desirable than in terms of intensity of radiation be- 
cause the results are in a more easily used and understood 
form, and the solid angle of view does not need to be con- 
sidered. 

A calibrating device which has been found effective is 
shown in Fig. 8. It consists of two blackened surfaces of 
known emissivity which can be maintained at different tem- 
peratures, a thermos jar used for an “ice pot” reference tem- 
perature, and two double-pole, double-throw toggle switches 
for switching the potentiometef to the thermocouples on either 
of the surfaces, or to the radiometer. The “cold” surface is a 
blackened brass plate at the ambient temperature. The “hot” 
surface is a Leslie Cube about 6in on each edge? filled with 
hot water. The cone of the cube and the brass plate are both 
brought to a common emissivity by the turpentine, lampblack 
and soot method mentioned before. Each surface has a copper 
constantan thermocouple soldered to it. The Leslie Cube has 
a stirrer for agitating the hot water, and is insulated by one 
inch of granulated cork and the wooden box. 

In making a calibration, the temperature of each surface is 
obtained and then the response of the instrument to each sur- 
face. The emissive powers of the surfaces are calculated, the 
temperatures and emissivities being known, and the calibra- 
tion factor obtained by the formula 

= G, = G, 
R, om R, 

Where K = calibration factor in terms of Btu per hr sq.ft 
millivolt 

G,, = emissive power of hot surface (Btu/hr. sq ft)t 

G, = emissive power of cold surface (Btu/hr sq ft)t 

R,, = response of instrument to hot plate (millivolts) 

R, = response of instrument to cold plate (millivolts) 

Care should be taken to prevent drafts in the room while 
making the calibration, and it should be done as rapidly as 
possible to prevent the cold junctions of the radiometer 
thermopile changing in temperature. 

Globe Thermometers. A globe thermometer is a hollow, 
blackened copper sphere (Fig. 5), with a thermometer or 
thermocouple at its center, used for measuring the combined 


+ The Leslie Cube is a copper box with a 30-deg cone let into one 
side, into which the radiometer “looks” when being calibrated. 
temperature of surface. 
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effects of air temperature, radiation, and air velocity. If lo- 
cated in the sun, the globe temperature will reach a leve! 
somewhat above that of the air temperature, determined by 
the balance between the net heat received by radiation and 
heat lost by convection. Bedford and Warner® have reporte. 
the results of studies with a 6-in globe and give methods cf 
calculating mean radiant temperature from the globe readings 
if the air temperature and velocity are known. In the Cal - 
fornia project, however, the greatest use for the instrumert 
has been in the comparison of radiation under various types cf 
shades, where air temperatures and velocities are very simila:. 
The shade most effective in cutting off radiation will be indi- 
cated by a lower globe thermometer temperature. 

The size of the globe influences the final globe temper:- 
ture; increasing the globe size, up to a certain point, will in- 
crease its temperature under an environmental condition of 
high radiation intensity. In Fig. 9, globes of various sizes 
(2, 5, 6, and 10-in in diameter) are compared to a globe of 
zero diameter at air temperature since it theoretically would 
receive no heat radiation. The globes were stationed in bright 
sun near each other, at Davis, Calif. The curve indicates that 
the increase in temperature with diameter is low above a <i- 
ameter of 6 in. 

Periods of about 5 min for a 5-in globe and 15 min for a 
10-in globe are necessary to reach the steady temperature state 
after being moved from the sun to a point in the shade. During 
these periods, air velocity and air temperature may vary a 
great deal. For those reasons, it is best to have globes perma- 
nently located at each location under consideration so that 
readings may be made as nearly simultaneously as possible. 

Potentiometers. Most of the instruments so far described 
have made use of the thermoelectric effect—that is, an electro- 
motive force is produced when two dissimilar metals are 
joined so that the junctions are at different temperatures. The 
electromotive force developed is approximately proportional 
to the temperature difference; for a copper-constantan couple 
this is about 0.0228 mv per deg F. depending somewhat on the 
temperature level. Measuring these relatively small potentials 
is usually accomplished with some type of potentiometer. A 
potentiometer also makes use of the comparison method—the 
unknown electromotive force is compared with the known 
potential of a standard cell through a calibrated resistor in a 
bridge circuit. In the usual form, a galvanometer indicates 
when balance or the “null point’’ has been obtained. 

Questions regarding type of calibration, type of cold or 
reference junction and range will arise when the purchase of 
a potentiometer is being considered. Indicating potentiometers 
(manually balanced) ordinarily are calibrated to read both in 
temperature (if they have automatic cold junction compensa- 
tion) and in electromotive force units. Recording potenti- 
ometers, on the other hand, are usually calibrated in one way 
only. It would seem desirable to (Continued on page 304) 


tG = 0.173e (T/100)4, where e is emissivity and T is absolute 
temperature of surface. 


GvLont TEMPERATURE CF) 


DiamereR oF GLOBE Cinnes) 
Fig. 9 Relation between globe thermometer diameter and temperatu 
as determined by average of several observations at Davis, Calif. 
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Attached to a truck by a single hitch, the New Holland Bale 
Loader gives time and labor saving operation—efficient oper- 
ation guaranteed by the use of dependable Morse Standard Roller 


Chain Drives. 


Morse Standard Roller Chain, used for power 
input drives on this New Holland Bale Loader, 
helps take the “load” out of the back-breaking, 
time-consuming job of stacking bales on a hay flat. 


Made by the Hertzler and Zook Company, of New 
Holland, Pennsylvania, it can do the work of four 
men, and its efficient design and economical oper- 
ation are aided by the extensive use of Morse 


Standard Roller Chain. 


Long the design engineer’s favorite method of trans- 
mitting power, Morse Roller Chains and Sprockets 


are applicable to a wide range of installations where 
a low-cost, positive, efficient, flexible drive is de- 
sired and where operating conditions are rigorous. 


For precise, rugged construction and over-all effi- 
ciency in roller chain drives, Morse Roller Chain, 
backed by Morse’s experience, modern facilities, 
and progressive engineering, is your best choice. 
Let Morse engineers help you with design and 
application suggestions which may result in greater 
economy and improved operation—write Dept. 319, 
Morse Chain Company, Detroit 8, Michigan. 


ee ee ee 


Morflex Silent Chain 


Clutches Drives 
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MORSE | 


MECHANICAL 
POWER TRANSMISSION 
PRODUCTS 
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MORSE CHAIN COMPANY e DETROIT 8, MICHIGAN 


DRC Couplings 
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4 SISALKRAFI SILOS 
AND HAYSTACK COVERS | 


SISALKRAFT will help you preserve 
valuable grass silage and hay stacked in 
the open. You'll need plenty of both! 
For GRASS silage, use two layers of rug- 
ged, reinforced, waterproof SISALKRAFT, 
inside snow fence or wire fencing. Cover 
your bulk or baled haystacks with wide 
widths of SISALKRAFT to protect them 
from scorching sun and soaking rain. The 
cost is little, the saving is great. Take ad- 
vantage of SISALKRAFT in every way on 
your farm. 


g=ueeee: MAIL THIS TODAY! , comme 


§ The SISALKRAFT Co., Dept. AE-4 
8 205 W. Wacker Drive, Chicago 6, Ill. 


Please send free sample and directions 
for using SISALKRAFT on the farm. 
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Animal Shelter Research 
(Continued from page 302) 


have the instrument calibrated in millivolts so that the output 
of radiometers, thermopiles, heat flow meters, etc., can ke 
determined. 


A thermocouple consists of two junctions—the “hot” junc- 
tion at the point where it is desired to measure the tempera- 
ture, and the reference or “cold” junction. If a potentiometer 
is to be used only for indicating or recording temperatures 
through the use of thermocouples, it may be equipped with a 
device known as an automatic cold junction compensator 
making an outside reference junction unnecessary. However, 
unless a bypass around the compensator is installed, the use- 
fulness of the potentiometer thus equipped is limited when i' 
is desired to read potential differences in terms of millivolts 
Another undesirable feature of the compensated cold junction 
is the probability of errors in the indicated temperature i! 
temperature gradients are set up in the instrument due to hea‘ 
from the hands on the binding posts, radiation striking the 
binding posts at different intensities, etc. While the mainte 
nance of a constant temperature reference either by means 0: 
an ice pot, a warm water or oil bath, or by burying the ref 
erence junction deep in the ground may be an inconvenience 
it is believed that for a general-purpose instrument one o: 
those methods will be found more desirable in the long run 
than the automatic cold junction compensator. 


The range of the potentiometer should be great enough t 
measure the highest electromotive force that will be encoun- 
tered. On the other hand, the full scale movement per milli- 
volt should be as great as possible. Of the instruments dis- 
cussed in this paper, the flat plate radiometer has the highest 
output, running as high as 15 millivoltson a hot bright day. A 
heat-flow meter with a calibration factor of 20 Btu per hr sq ft 
mv may have an output of 3 millivolts when held against a 
hog in an environment of 40F. If the calibration factor is 
smaller, the output will be relatively higher for a given rate 
of heat flow. A copper-constantan thermocouple using an ice 
pot reference at 32 F will generate an electromotive force of 
2.96 mv when used to measure a temperature of 160 F, the 
highest that will usually be encountered in animal shelter re- 
search. The range of most indicating potentiometers will easily 
include all these levels but recording instruments vary in range. 

Where most of the readings will be relatively low, an oc- 
casional high reading may be recorded by connecting an out. 
side potential in opposition to the electromotive force to be 
measured, so that only the difference is recorded. An indicat- 
ing potentiometer provides an excellent source for the oppos- 
ing potential because the value desired can be obtained by 
merely setting the slide wire to the point necessary to bring 
the electromotive force being measured into the range of the 
recorder. With certain types of recording potentiometers, vo!t- 
age dividers also offer possibilities of quickly changing the 
range for occasional readings. 
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This novel machine (above), powered by a 11/2-hp motor, operates 
a conveyer belt on the bottom of the wagon, unloading the hay 
into the blower. Mr. Byron Harris, inventor, uses Marfak lubri- 
cant on this machine because it stays on the job longer. 


Marfak lubricant improves the performance of this hay chopper 
(at right) for it sticks to bearings better, won’t wash off, melt 
down and drip off, dry out or cake up. That’s why Mr. Harris, 
like keen farmers the country over, uses it. Texaco Man, F. G. 


McKelvey, watches operation. 


Farmer Invents Mechanical 
Unloader for Chopped Hay 


From odd parts of a number of 
old machines — the transmission 
of a Model A Ford and a 112-hp 
motor — Mr. Byron Harris, in- 
genious farmer of near Ravenna, 
Michigan, built a machine that 
unloads chopped hay, eliminat- 
ing hand labor. 


up under high temperatures, Havoline 
is the choice of leading farmers. Typical 
example is the cotton farm of Mr. J. 
Stoneham, near Navasota, Tex. Picture 
shows Mr. Stoneham (left) with Texaco 
Man, L. Millican, and Fred Luce at wheel. 


The machine operates a con- 
veyer belt at the bottom of the 
wagon, automatically dumping 
the hay into the blower which 
carries the hay up into the loft. 

With this machine, a hay chop- 
per and a blower, Mr. Harris 
saves time, labor and money in 
his haying operation. He has also 
discovered that it pays to farm 
with Texaco Products. 


Do oe = ae age 4 “ i > 
Dealing with your Texaco Man is a friendly 
business. Mr. Clark Mauk (shown at 
right), prominent apple grower of Wen- 
atchee, Washington, is getting a tankful 
of Fire-Chief, the gasoline with supe- 


rior “Fire-Power,’ from Texaco Man, 
T. J. Stockstill. 


DIVISION OFFICES: Atlanta 1, Ga.; Boston 17, Mass.; Buffalo 3, N. Y.; Butte, Mont.; 
Indianapolis 1, Ind.; Los Angeles 15, Calif.; Minneapolis 2, Minn.; New Orleans 6, La.; New York 17, N. Y.; Norfolk 1, Va.; Seattle 11, Wash. 
Texaco Products alse distributed by McColl-Frontenac Oil Company, Limited, Montreal, Canada 
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Drives Car 110,000 Miles and Oper- 
ates Tractor 6 Years—Using Havoline 
Motor Oil—Without an Overhaul 


Mr. C. E. Oldfield, farmer of Manhattan, 
Kansas, feels that farmers everywhere 
ought to know the results he has had 
with Havoline, the motor oil that cleans 
as it lubricates. He reported that he drove 
his car 110,000 miles and operated his 
tractor for 6 years without touching 
either engine. He is shown below telling 
his story to Mr. O. C. Schryer, Texaco 
Man, of Manhattan. 


TEXAS 
COMPANY 


Chicago 4, Ill.; Dallas 2, Tex.; Denver 1, Colo.; Houston 1, Tex.; 
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SHA FIING A.S.A.E. Meetings Calendar 


June 20 to 23-—— ANNUAL MEETING, Michigan State College, 
East Lansing 


e 
| o September 7 to 9 — NorTH ATLANTIC SECTION, Pennsylvania 
| ad ap e State College, State College 


October 6 to 8 — Paciric NoRTHWEST SECTION, Harrison Hot 
Springs Hotel, Harrison Hot Springs, B. C. 


December 19 to 21 — WINTER MEETING, Stevens Hotel, Chi- 
cago, Ill. 


EE 


Guy Halsey Chairman of Virginia Section 


UY W. HALSEY is the new chairman of the Virginia Section of 

the American Society of Agricultural Engineers. Mr. Halsey is a 
territory supervisor of the J. I. Case Co., and was elected to the office 
of Virginia Section chairman at the Section’s annual meeting at Roanoke 
on April 15 and 16. He succeeds G. D. Kite. At this meeting three 
new vice-chairmen of the Section were also elected: T. W. Edminster, 
research agricultural engineer, U. S. Soil Conservation Service, and E. T. 
Swink and J. A. Waller, Jr., both extension agricultural enginecrs, 
Virginia Polytechnic Institute. J. E. Collins, also an extension agri- 
cultural engineer of VPI, was re-elected as secretary-treasurer of the 
Section. The new Nominating Committee includes U. F. Earp, L. M. 
Miller, and J. W. Sjogren. 

A total of 83 persons attended the meeting, including 60 ASAE 
members and guests and 23 members of the Student Branch of the 
Society at VPI. 

The main part of the program of the meeting centered around the 
four major fields of agricultural engineering. One of the principal 
speakers was ASAE President Arthur J. Schwantes, who discussed So- 
ciety activities from the national standpoint. 

The Section dinner was held on the evening of April 15 at which 
the principal speaker was Arthur W. Turner, assistant chief, USDA 
Bureau of Plant Industry, Soils, and Agricultural Engineering, who 
addressed the group on the subject of agricultural engineering research. 


biti eel thick 


@ Illustration shows 
sugar bush tapping 
machine which can easily 
be carried on the back. It 
is driven by a % h.p., 2 cycle 
gas engine, and equipped with : 


Womack to Head Alabama Section 


A ITS spring meeting attended by 42 members and guests, on April 
21 and 22 at Gulf Shores, Alabama, the Alabama Section of the 
American Society of Agricultural Engineers elected William A. Wo- 
mack, owner and operator of Rocky Creek Farms, Ashford, as the new 

+ chairman of the Section succeeding E. C. Easter. Other officers elected 

® Solve | Tough Design were vice-chairman, J. B. Wilson, agricultural engineer, Alabama Ag- 
ricultural Extension Service, and secretary-treasurer, J. L. Butt, assistant 

: + H agricultural engineer, Alabama Agricultural Experiment Station. 

Problem in Power Transmission The program opened on April 21 with a talk by J. B. Wilson, Ala- 


bama extension agricultural engineer, on the state’s extension service 


a Stow 4-foot flexible shaft. The 
total weight of the outfit is about 31 Ibs. 


feet in- program in land reclamation and clearing with: power machinery. Mr. 
If ~~ have abated eanemmeson problems ” Wilson stressed the economics of land reclamation and described the 
volving angularity, varying levels of power and work of the reclamation schools sponsored by the Extension Service 


in increasing the productive acreage in Alabama. 


tool, related motion between power and driven Scilla tetis sol 


element, then consider STOW FLEXIBLE SHAFTING! 


Easily installed, STOW Flexible Shafting can be directed 
around obstacles, run at angles, and kept free-operating without 
binding. It eliminates costly gears, bearings and universals; 
simplifies assembly, where one quickly installed unit will slash 

R hours off labor; saves hours of servicing by reducing mechanical 
complications. 

STOW Flexible Shafting will do all this— 
combines lower cost with added profit on more 
units, due to mechanical design that gives your 
product distinctive sales appeal. 


FIND OUT how STOW 
Flexible Shafting may 
solve your power 
transmission problem. 
Write today for full 
information and free 
recommendations. 


This picture shows Henry Sweet, director, Alabama State Docks and 
Terminals, speaking at the recent meeting of the Alabama Sec'ion, 
ASAE, at Gulf Shores, Ala. Those in the picture are (left to r sht) 
W. A. Womack, newly-elected chairman, Alabama Section; Mr. S‘eet; 
E. C. Easter, retiring chairman, Alabama Section, and R. F. We-ton, 
Hollingsworth and Whitney Paper Co., who also addressed the group 
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FOR PORTABLE SPRINKLER IRRIGATION 
WITH REYNOLDS ALUMINUM RIGID PIPE 


This farm improvement pays its own way— 
portable sprinkler irrigation is more econom- 
ical than ever with Reynolds Aluminum Rigid 
Irrigation Pipe. Use less water, save time, re- 
duce labor, water more acreage faster with 
this modern method of irrigation. 


Crop production can be doubled—bigger 
cannery crops, bush crops, orchard harvests, 
garden truck, potatoes, tobacco, grain, hay, 
pasture—and quality is far better. 


Plan Reynolds Aluminum Rigid Irrigation 
Pipe for your portable sprinkler system. It 
can’t rust! This aluminum alloy is strong, long- 
lasting—won’t damage in rough handling 
through long years of service; perfectly round 


for quick coupling; smooth for free flow of 
water under high pressure; so light one man 
can carry two 20-foot sections with ease. Get 
top production! Check your irrigation equip- 
ment dealer. He knows your local problems. 
He’ll supply Reynolds Aluminum Rigid 
Irrigation Pipe. 


FREE!... 


COMPLETE INFORMATION 
IN HANDY ILLUSTRATED 
FOLDER 

Request your copy, by writing to Reynolds Metals 


Company, Aluminum Division, 2544 South Third 
Street, Louisville 1, Ky. 


REYNOLDS METALS COMPANY, Aluminum Division, Louisville 1, Ky. 


REYNOLDS 
Lfetime ALUMINUM 


THE COMPLETE ALUMINUM SERVICE FROM BASE METAL TO FINISHED PARTS 


eta = fe 
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Obtaining quality concrete is as easy as open- 
ing a safe when you know the right combination. 
And there is a ‘‘right combination’’ for quality 
concrete on every farm construction job. It is 
achieved by applying the methods and procedures 
established through years of painstaking labora- 
tory research, years of practical construction 
experience on the job. 


These simple, easy-to-follow methods and pro- 
cedures are described in ‘‘Design and Control of 
Concrete Mixtures,’’ a free 70-page booklet which 
answers such questions as: 


How many gals. of water should go into 
a mix for a feeding floor? (p. 7) 


Why does vibration produce quality con- 
crete more economically? (p. 34) 


To design quality concrete farm improvements 
you must know the answers to these and many other 
questions covered in this booklet. Remen er, de- 
signing good concrete is good business. A good 
job satisfies farmers, spreads your reputation as 
a quality engineer, improves farms with feed- 
saving, labor-saving, money-saving construction. 


Write today for this helpful, free, illustrated 
booklet, ‘‘Design and Control of Concrete Mix- 
tures.’ Distributed only in the U.S. and Canada. 


PORTLAND CEMENT ASSOCIATION 


‘ Dept. A6-1, 33 W. Grand Ave., Chicago 10, Ill. 
A national organization to improve and extend the uses of portland cement 
and concrete through scientific research and engineering field work 
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Harry M. Bainer Passes Away 


H?"" M. BaINER, general agricultural agent for the Santa Fe R.il- 

way at Amarillo, Texas, passed away Saturday, April 23, in the Gr: nd 
Central Station, New York City, while en route home from a meet ng 
of the American Railway Development Association held at Old Px int 
Comfort, Va. 

Mr. Bainer was born at Ancram, New York, August 16, 1880. He 
received his BS degree at Kansas State College in 1900, and his MS de. 
gree at Iowa State College in 1905. From 1903 to 1906 he was assis ant 
in agricultural engineering at Iowa State College. He was next emplc ed 
as professor of farm mechanics at Colorado Agricultural College, f om 
1906 until 1910. Then he started work for the Santa Fe as agricult ral 
agent July 1, 1910, at Amarillo. From 1916 to 1918 he was agricult ral 
and industrial agent at Topeka, Kans. In 1918 he became directo of 


Harry M. BAINER, 1880-1949 


the Southwestern Wheat Improvement Association, Kansas City, serving 
in that capacity until 1928 when he was made farm manager of the 
Missouri Bank and Trust Company at Kansas City. In 1935, Mr. 
Bainer returned to the Santa Fe as general agricultural agent, at 
Amarillo, which post he held until his death. 

Mr. Bainer was widely known for his agricultural activities, and 
was a charter and life member of the American Society of Agricultural 
Engineers, was twice elected an honorary member of the Texas Future 
Farmers of America, was a member of the National Farm Chemurgic 
Council, National Reclamation Association, American Railway Devclop- 
ment Association, Association of Texas Agricultural Workers, and the 
Texas Farm Bureau Federation. 

Survivors are his widow, two sons, Robert; of Ft. Collins, Colo., 
and Roy, of Davis, Calif., a daughter, Mrs. R. J. Johnson, of Sche- 
nectady, N. Y., and a brother, Fred, of Whittier, Calif. 


NEWS SECTION 


The agricultural engineer of the Greenville (Ala.) Electric Coc 
tive, Mr. Roberts, discussed the work of the REA cooperatives i 
state and the educational program being carried on to teach the fr 
installation, use, and maintenance techniques for electrical faci t 
Hayden Rogers, plant breeder at the Alabama Agricultural Exper: : 
Station, discussed hybrid seed corn production in Alabama, showe: 
hybrids are produced, and stressed the need for proper machiner 
storage facilities for safe handling of the more expensive hybrid 
Otto Brown, superintendent of the Gulf Coast substation of the / 
bama station presented the results of their irrigation experiments, 
showed increased yields due to supplemental irrigation in most « 
crops even under the high rainfall conditions of the Gulf Coast : 
The latter part of the afternoon session was devoted to a bi 
session, at which were elected the new officers named above. V 
committees were appointed by the new chairman of the Sectio: 
it was decided to hold the fall meeting on the campus of the Al 
Polytechnic Institute in the new agricultural engineering annex 
uled to be completed early this summer. 

Guest speakers at the Section dinner held during the eveni + 
April 21 included Henry Sweet, director, Alabama State Dock 
Terminals, and R. F. Weston, Hollingsworth and Whitney Pape 
both of Mobile. At the conclusion of their talks a motion pictu! 
was shown presenting the experimental activities of the agricultui 
gineering department of the Alabama station. 


(Continued from page 306) 


(News continued on page 
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HERE ARE A FEW OF THE 
HELPFUL HINTS YOU'LL FIND 
IN “87 WELDING IDEAS” 


37 Easy Repairs on 
Farm Equipment 
Moldboard and plow beam 
repairs 
Acombine repair that saved 
a wheat crop 
A manure spreader repair 
that saved 5 hours 
Rebuilding, hard surfacing 
of worn edges 
Fender and bumper repairs 


7 Ways to Make Your 
Equipment More Useful 


Tractor wheel cleaners 
Converting from steel to 
rubber tires 


36 Helpful Devices 
You Can Make 


Barrel tipper 

Tractor mounted straw fork 
Utility and milk carts 

Calf pen 

Elevator 


Welding Techniques 
Commonly Used 
Electric arc welding 
Types of welded joints 
What electrode to use 


Get your 


free copies now! 


Press! 


A new illustrated booklet with 
87 welding ideas for the farmer. 


for » « = your library, desk, or file— 
your students, GI trainees, 4H or FFA members — 
your machinery maintenance demonstrations, meetings 


This General Electric welding booklet is 
chock full of farm tested ideas on how to 
keep equipment rolling during the busy 
seasons. Not only proves that welding is 
easy to learn but shows how G-E Welders 
help farmers cut down on expensive repair 
bills: Helps get equipment back on the job 
in minutes instead of days. 


The welding repair section alone is 
crammed with 37 photographic reports. 
Every one a quick and inexpensive repair 
job that has saved the cost of new parts... 


Copyright 1949, General Electric Co. 


GENERAL 
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res, 


meant years of additional service ... even 
meant the saving of a crop. In addition 
there are 43 illustrated ideas on how to 
modify equipment to meet your special 
needs . . . on how to build special, work- 
saving equipment. 


You'll find this idea book interesting 
and genuinely helpful. Free copies in quan- 
tities up to twenty-five are available to you 
now. Write Section 669-100, Apparatus 
Dept., General Electric Company, Schen- 
ectady, 5, N. Y. 


io) ELECTRIC 


669-100 
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NEWS SECTION (Continued from page 308) 
J. C. Cahill Elected by Michigan Section 


. C. CAHILL was elected the new chairman of the Michigan Area 

Section of the American Society of Agricultural Engineers at the 
Section meeting held at Battle Creek, April 30. Mr. Cahill is farm 
service coordinator of the Detroit Edison Company, and succeeds Dan 
M. Guy, agricultural engineer, Ethyl Corp., as Section chairman. 

At the same meeting three new vice-chairmen of the Section were 
elected as follows: J. S. Boyd, assistant professor of agricultural engi- 
neering, Michigan State College; Chris Nyberg, chief engineer, Battle 
Creek Works, The Oliver Corp., and C. B. Richey, project engineer, 
Dearborn Motors Corp. F. W. Peikert was re-elected secretary-treasurer, 
and the Section’s new nominating committee consists of A. W. Farrall 
(chairman), H. J. Gallagher, and D. A. Milligan. 

The technical program for the meeting included three papers, one 
on the use of liquid in tractor tires by Jack R. Schramm, graduate stu- 
dent in agricultural engineering, Michigan State College; another by 


@® Specify Delavan agricultural nozzles to be sure your 
equipment performs at peak efficiency . .. the way you 


designed it! 


New Delavan LS type flat spray nozzles are standard in size 
i design for maximum orifice protection, 
assuring longer life and better field performance. 


Delavan nozzles are available in a wide range of types for 
herbicide and insecticide application; in ratings up to 100 


and feature a new 


gallons per acre. 


Delavan nozzles offer you the benefit of years of research 
experience in the spray nozzle field. You can safely specify 
Delavan for any application where accuracy and precision 


are important. 


Write for detailed information today. Our engineers will 
gladly assist with application data or quote to your speci- 


fications. 


Ralph W. Sohl, Goodyear Tire and Rubber Co., on rubber tracks for 
farm and industrial tractors, and a third by J. W. Shields, United 
States Rubber Co., on testing farm tractor tires at the USDA Tillave 
Machinery Laboratory at Auburn, Ala., which included motion pictures 
and slides. 

Inasmuch as the Michigan Area Section, together with Michigin 
State College, is to be host of the 1949 ASAE Annual Meeting at Eest 
Lansing, considerable discussion was devoted to arrangements for the 
East Lansing meeting. 


Greeks Do Well with Farm Machinery 


By M. A. Sharp 


MEMBER A.S.A.E. 


REVIOUS to March, 1948, Greece had received considerable faim 

machinery from UNRRA, U. S. Army Surplus, American Missin 
for Aid to Greece, and other sources. There was no organization to 
teach farmers how to adjust afid repair this machinery, and consequen ly 
it was not being operated efficiently. 

There was a definite need for training 
schools all over the nation, but there were 20 
trained teachers. The first step needed was to 
train a group of men to organize and conduct 
farmers’ short courses and use the most effec- 
tive teaching methods. The writer was em- 
ployed by AMAG and sent there to train 
teachers and set up an organization to carry 
out a broad training program. There were a 
few men who had been operating tractors and 
machinery for the government and were excel- 
lent mechanics. All they needed was training 
in organization and methods. Three groups of 
men were selected on the basis of their experi- 
ence in repair shops and field operations. 
Training schools were held at Athens, Sa- 
lonika, and Volos. Out of 75 men enrolled 
about thirty were considered qualified to or- 
ganize and conduct 10-day short courses in the 
operation, adjustment, and repair of farm 
machinery. 3 

Mr. John Sinis, director of the farm ma- 
chinery testing laboratory in the Ministry of 
Agriculture was selected to organize and di- 
rect the training program. He is exceptionally 
well qualified and the results have been very 
good. During September, October, and Novem- 
ber (1948) about 50 short courses were held 
and over 100 men were trained. No report 
has been received regarding the schools held 
during the winter. 

It was interesting to learn that most of the 
men selected for training knew as much as we 
do about our machinery. They analyze the op- 
eration and functions of each part carefully, 
and have a good understanding of engineering 
principles. They work hard and are eager to 
learn. Classes were held 8 to 9 hours every 
day, but they always wanted to stay longer. 
The Greeks are good mechanics, appreciate 
good machinery, and take good care of it. 


M. A. SHaRP is head of the agricultural en- 
gineering department, University of Tennes: ce. 
In the spring of 1948, he was sent to Greece by 
the U. S. Department of Agriculture to } <lp 
organize the training of Greeks in the use .nd 
maintenance of farm machinery. 


Farm Work Functions 
(Continued from page 269) 


sensitive than the human eye, ear, or sens of 
touch ; gages more accurate than human jv |g- 
ment; jigs, fixtures, and machines which © ‘ll 
turn out work more uniform than can be r0- 
duced by manual skill; governors, relays, :nd 
other actuators more reliable than hu .an 
memory and discretion ;and methods to m tch 
their mechanisms. We like to think of « gi- 
neering as technically applicable to all ‘he 
physical functions of agriculture; as econ ni- 
cally applicable to all of its major produc on 
a and as a potential aid to m ich 
of its essentially human supervisory w tk, 
including planning, initialing, directing, ind 
controlling the progress of operations. In 
these terms there is no visible end to op: of- 
tunity to apply engineering to the equip- 
ment, operations, and service of agricult.:re. 
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anville SUPER-FELT 


--. the superior Rock Wool Batt for insulating 
farm buildings and accessible attic spaces in the home 


The J-M Super-Felt Batt 
is strong and tough. Its 
superior felted structure 
makes it easier to handle 
... ensures savings in 
application. The 
batt holds its shape 
... fits snugly be- 
tween framing 
members. 


The Super-Felt Batt is resilient yet so 
rigid it will actually stand alone. When 
installed, it stays in place, won’t settle. 


You can’t burn it even with a blow torch. 
J-M Super-Felt is rock wool, a mineral. 
It acts as a fire-retardant... prevents 
spread of flames in wall spaces. 


Send for Super-Felt brochure, HI-125A. 
Johns-Manville, Box 290, New York 16, N. Y. 


JOHNS-MANVILLE 
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WISCONSIN 42-Goce F 


Plowing in California vineyards demands ‘“‘top’’ dependability 
as supplied by the heavy-duty construction and superior me- 
chanical features of the Wisconsin Heavy-Duty Air-Cooled 
Engine powering this Nichols Tractor. 


But, of equal importance, is the feature of tapered roller bear- 
a ings at each end of every crankshaft . . . providing the most 
sade (ay protection at the points of maximum engine wear by holding 

¥ the crankshaft in correct and constant alignment when the load 
is light or heavy. This one feature alone ‘‘pays off’’ for equip- 
ment builders by reducing design changes, cost, and weight, for 
no heavy, expensive gears are required. You can attach the 
drive pulley directly to the extended crankshaft, confident that 
when heavy loads bear down, a Wisconsin Engine bears up! 


4-cycle, single, two- and four-cylinder models, 2 to 30 hp. 


Designed to do the Job 


For more than fifty years we have 
built dependable steel wheels for | 
movable equipment .. . agricultural 
and industrial. 


You can rely on EWC engineers to 
recommend the correct wheels for 
your unit. This is particularly valu- 
able when new machines or new 
models are being considered. 


If one of our standard wheels is not 
the most efficient, we can design and 
manufacture special wheels. 


Write for our catalog 
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Applicants for Membership 


The following is a list of recent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society are 


urged to send information relative to applicants for consideration of the 


Council prior to election. 


Autry, J. W.—Associate professor of agricultural engineering, T.rle. 
ton State College (Mail) Box 655, Tarleton Station, Tex. 

Bales, G. A.—Farm representative, Texas Electric Service Co., !lec- 
tric Bldg., Fort Worth, Tex. 

Baranao, Teofilo V.—Director del Instituto de Mecanica Agricola, 
Facultad de Agronomia y Veterinaria, Av. San Martin 4453, Buenos 
Aires, Argentina. 

Bartlett, Howard O.—Assistant agricultural engineer, Maine / gri- 
cultural Experiment Station, Ororo, Maine. 

Berry, J. H.—Assistant in charge of new design, John Deere Ot. 
tumwa Wks., Ottumwa, Iowa. Mail) 220 Gara. 
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Bywater, J]. E—Chief implement designer, Imperial Foundry Co, § 


Princes Drive, Leamington SPA, Warwickshire, England. 


Christopher, R. W.—District supervisor, Southern Ford Tractor & 
Equipment Co., (Mail) Box 114, Mangham, La. 


Dickison, William—Technical representative, H. D. Hudson Mfg. & 


Co., 589 E. Illinois St., Chicago 11, Ill. 


Dorsey, E. §.—Manager, Dorsey's Stock Farm, R.R. No. 4, Box 101, 
Opelika, Ala. 

Greer, George R.—Salesman, Dickerson Machine Co., 423 W. First, 
Spokane, Wash. 

Hicks, Jesse L—R. R. No. 4, Paris, Tenn. 


Jessup, Joseph L.—Laboratory test assistant, Harry Ferguson, Inc. 
(Mail) 2843 Parker, Dearborn, Mich. 


Larson, Lawrence W.—Box 31, Sweet Hall, Moscow, Idaho. 
Lawson, Garland L—P. O. Box 1135, Stillwater, Okla. 


Lorance, C. M.—Agricultural engineer, Duck River Electric Mem- 
bership Corp., Shelbyville, Tenn. 


Love, Mahlon L.—Engineering dept., John Deere Harvester Works, 
East Moline, Ill. 


Magee, J. M—dAgricultural engineer, Soil Conservation Service, 
USDA, (Mail) Box 815, Lubbock, Tex. 


McMillan, Arthur W.—Rural representative, Wheeling Electric Co., 
Wheeling, W. Va. (Mail) 401 S. Broadway St. 


Moore, David $.—203 Mall St., Corvallis, Ore. 

Mount, Paul H.—109 North 4th St., Reading, Pa. 

Nordstrom, Walter A.—Engineering checker, Harry Ferguson, Inc. 
(Mail) 270 Channing, Ferndale 20, Mich. 

Osborne, Robert F.—Service engineer, Minneapolis-Moline Co., 
(Mail) R. R. No. 3, Peoria, Ill. 

Peterson, Clarence W.—Agricultural engineer, Lake Region Co- 
operative Electrical Assn., Pelican Rapids, Minn. 


Pyle, Kenneth S.—Agricultural engineer, Soil Conservation Service, 
USDA, (Mail) 215 East 9th, Rochester, Ind. 


Rather, Norval E.—Assistant engineer, domestic pumps and water 
systems, Sears Roebuck and Co. (Mail) 665 Highview Terrace, Lake 
Forest, Ill. 


Rhoades, Edd D.—Agricultural engineer, Soil Conservation Se: vice, 
USDA. (Mail) P. O. Box 212, Sulphur, Okla. 


Ririe, Max H.—Engineer, Western Corrugator Co., Nyssa, Or. 


Schepers, P. R—Assistant general farm service supervisor, Cnsu- 
mers Power Co., 212 W. Michigan Ave., Jackson, Mich. 


Semple, J. B.—Trainee, sales department, Caterpillar Tracto: Co., 
Peoria, Ill. 


Spencer, Willis T.—Curdsville, Va. 
Stephens, A. F.—General agricultural agent, Gulf, Mobile and Ohio 
Railroad, 721 Olive St., St. Louis, Mo. 


Weldon, N. Warren—Research work in curing tobacco, Ti »acco 
Branch Station, P. O. Box 19, Oxford, N. C. 


i ee 


Wood, Harold L—Sales manager, Sunset Engineering Co., Ha iburg : 


Turnpike, Riverdale, N. J. 
TRANSFER OF GRADE 


Belt, V. C.—President and general manager, The Belt Corp., ( <ient, 
Ohio (Junior Member to Member). 


New Federal and State Bulletins 


Frozen Food Locker Plants in Georgia, by H. D. White, \. M. 
Hurst, and W. E. Garner. University of Georgia (Athens) and U. S. 
Department of Agriculture. A survey of operations, layout and «quip 
ment, representative of those found in the state. This is a prelin.inary 
report, to be followed by further research and more specific recommen: 
dations. 


AGRICULTURAL ENGINEERING for June 1949 


Bae 
r 


" 


on 


ea eee SSRN 2a gon : Re 

s te a ee er er eee - a , ae 
4 ost Protection...with es 
ree. 4 pA 
ae " J ’ poe SS j 
ye ENGINE BEARINGS! Oe an a nl RE 
a bine, ae pee 3 FFE CR FE 

- a rage ow (ee gs 

ee ee ge ee fee a 

a4 a ON et Fe | 
ae 4 ar. fo 5) ey) a allt 2 ies 

oe it. : =: es) aa es ‘ a 

ud Pi or ~ ‘am |: “ZS Eaile * . “ee Ss 53 4 ia Ds en ae - : j 
es Oe Be Lip lis.” ote yt) ope | 
Bey ae a Lo Deal Ot ee 

ame eg gta asi, r we © ag POS Rates: | Ane 

o>: : Ed v as. ee eK i + PE 2 Ca Pe i nT 
eka 

- Sieg” WISCONSIN MOTOR CORPORATION MM SSSCSCSC~SCSY 

ire FO ., Worlds Largest Builders of Heavy-Duty Air-Cooled ‘Engines ' 

e : ' 
eo Rone 2 eee = | 

“Sa ae is : 

ee mm 

so nea —™ x “ 

oe Ne = 

oe . 

: Ny ee | 

7 a) a mh | 

oan : ee >, F 4 Se NJ » 4 ‘ 

a fa r> . ca tae \ hs p ma (F , 

Bic , = a\ecS 3 BSc 

mee . 2 | Ge i ae: ik 

cpr a a ay neal i An . INY BS J i q t. 

ae e ee ii v a K A}, ames /\\ \ ee 

ae: oe 8=6—S— oS yg gm YY, oo es) \ 

oS ” . —" p .@ 4 -) 4 wi 7 i 
ee ELECTRIC WHEEL CO., 2908 Pine, Quincy, Ill. 

i | ° CTE Seats > , " eat * = 


